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I N P R E S E N T I N G T H E D I S S E R T A T I O N AS A P A R T I A L F U L F I L L M E N T OF 
T H E REQUIREMENTS FOR AN ADVANCED DEGREE FROM T H E G E O R G I A 
I N S T I T U T E OF TECHNOLOGY, I AGREE THAT T H E L I B R A R Y OF T H E 
I N S T I T U T E SHALL MAKE I T A V A I L A B L E FOR I N S P E C T I O N AND 
C I R C U L A T I O N I N ACCORDANCE -WITH I T S REGULATIONS GOVERNING 
M A T E R I A L S OF T H I S T Y P E . I AGREE THAT P E R M I S S I O N TO COPY 
FROM, OR TO P U B L I S H FROM, T H I S D I S S E R T A T I O N MAY B E GRANTED 
B Y T H E PROFESSOR UNDER WHOSE D I R E C T I O N I T WAS W R I T T E N , OR, 
I N H I S A B S E N C E , B Y T H E DEAN OF T H E GRADUATE D I V I S I O N WHEN 
SUCH COPYING OR P U B L I C A T I O N I S SOLELY FOR SCHOLARLY PURPOSES 
AND d o e s n o t i n v o l v e p o t e n t i a l F I N A N C I A L G A I N . I t i s UNDER­
STOOD THAT ANY COPYING FROM, OR P U B L I C A T I O N O F , T H I S D I S ­
S E R T A T I O N WHICH INVOLVES P O T E N T I A L F I N A N C I A L G A I N W I L L NOT 
B E ALLOWED WITHOUT W R I T T E N P E R M I S S I O N . 
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SUMMARY 
Using Bodart's Lextoon (covering 1,081 land ba t t l e s fought 
between 1620 and 1905) as a data source, an analysis of past mi l i tary 
engagements was conducted with the following spec i f i c objec t ives : 
( 1 ) To determine i f Lanchester's square law, Lanchester's 
l inear law or some other exponential law best depicts the flow of 
combat a 
(2 ) To develop empirical re lat ionships b e t w e e n t h e e f fect iveness 
ra t io and the i n i t i a l strength r a t i o . 
(3 ) To develop an advantage parameter to estimate the side pos­
sessing the advantage. 
( 4 ) To determine the s e n s i t i v i t y of the form of Lanchester's 
law to the magnitude of the ef fect iveness c o e f f i c i e n t s . 
( 5 ) To categorize mi l i tary combat s i tuat ions according to t o t a l 
force and per cent casualt ies and develop models to estimate e f f e c t i v e ­
ness ra t io and advantage for each category. 
( 6 ) To estimate the v a l i d i t y of the models developed by deter­
mining the ' s tab i l i ty of the ir regression coef f i c ients with time. 
Bivariate regression analysis techniques were used to analyze 
past mi l i tary data and to develop the models for estimating e f f e c t i v e ­
ness r a t i o and advantage. Both a graphical and a s t a t i s t i c a l analysis 
were used to analyze the . s tab i l i ty of the models with t ime. 
Based upon the resu l t s of th i s study, the following conclusions 
were obtained: 
(1) I N GENERAL, THE BATTLE S I T U A T I O N S S T U D I E D WERE I N S E N S I T I V E 
TO THE FORM OF L A N C H E S T E R ' S LAW USED. 
(2) E M P I R I C A L R E L A T I O N S H I P S WERE E S T A B L I S H E D BETWEEN THE E F F E C ­
T I V E N E S S R A T I O AND THE I N I T I A L STRENGTH R A T I O . 
( 3 ) THE ADVANTAGE PARAMETER DEVELOPED WAS I N GOOD AGREEMENT 
WITH THE WINNER OF THE BATTLES S T U D I E D . 
(4) A S E N S I T I V I T Y A N A L Y S I S , U S I N G S IMULATION RESULTS SUPPORTED 
CONCLUSION ONE. 
(5) A TWO-WAY C L A S S I F I C A T I O N OF BATTLES BY BATTLE S I Z E AND P E R 
CENT CASUALT IES SHOWED THAT THE C L A S S I F I C A T I O N BY BATTLE S I Z E D I D NOT 
IMPROVE THE MODELS' A B I L I T Y TO ESTIMATE ADVANTAGE. C L A S S I F I C A T I O N BY 
P E R CENT C A S U A L T I E S RESULTED I N A 7 P E R CENT IMPROVEMENT FOR THOSE 
CLASSES I N WHICH ONE S I D E HAD HEAVY LOSSES AND THE OTHER L I G H T L O S S E S . 
(6) ANALYSES OF BATTLES I N WHICH ONE S I D E HAD L I G H T LOSSES AND 
THE OTHER HEAVY REVEALED T H A T , ON THE AVERAGE, THE LARGER FORCE HAS THE 
LARGER U N I T E F F E C T I V E N E S S WHEN THE I N I T I A L STRENGTH R A T I O I S L E S S THAN 
THREE TO ONE. THE REVERSE I S TRUE FOR LARGER R A T I O S OF I N I T I A L 
STRENGTH. 
(7) THE MODELS DEVELOPED PROVED TO B E T I M E I N V A R I A N T OVER THE 
T I M E P E R I O D OF THE DATA. 
( 8 ) THE D I S T R I B U T I O N OF BATTLES BY BATTLE S I Z E FOLLOWS AN 
EXPONENTIAL D I S T R I B U T I O N . 
AS A RESULT OF THE L I T E R A T U R E SEARCH AND PROBLEMS ENCOUNTERED I N 
T H I S STUDY, THE FOLLOWING AREAS ARE RECOMMENDED FOR FURTHER R E S E A R C H : 
(1) MORE RESEARCH NEEDS TO BE CONDUCTED INTO THE NATURE OF THE 
E F F E C T I V E N E S S R A T I O WITH P A R T I C U L A R EMPHASIS ON SUCH A T T R I B U T E S AS TYPES 
x i i i 
of weapons employed, types of t erra in , communications, and l o g i s t i c s . 
(2) The influence of such intangibles as morale of troops on 
the .effectiveness, ra t io needs further study. Both Rashevsky and Weiss 
have made theoret i ca l studies in this area, but no attempt has been 
made to val idate these studies or to develop a new theory based upon 
analyses of past mi l i tary c o n f l i c t s . 
( 3 ) A f ina l recommended area for research is a study of past 
mi l i tary engagements directed toward the determination of an empirical 
re lat ionship between the motion of the forward edge of the ba t t l e area 
(FEBA) and the ef fect iveness r a t i o . 
1 
CHAPTER I 
A CRITICAL SURVEY OF EXISTING INFORMATION 
RELATING TO THE PRACTICE AND THEORY OF WARFARE 
Purpose 
Since a nation's very existence may depend on the outcome of i t s 
mi l i tary engagements, men throughout the centuries have been interested 
in the problem of predicting the outcome of these engagements and deter­
mining the best s trateg ies to fol low in combat. 
Mil i tary s t ra teg i s t s have developed numerous var i e t i e s of war 
games and map maneuvers in an attempt to solve th i s problem. However, 
the f i r s t mathematical analysis of the relat ionships between opposing 
forces in b a t t l e was made by F. W. Lanchester (38) in 1916. 
The general purpose of th is research i s to summarize past 
achievements and through new formulations to attempt to extend the 
prac t i ca l use of Lanchester-type equations. Specif ic study object ives 
are stated at the end of th is chapter. 
Background 
History of Warfare 
War, as defined by Quincy Wright ( 6 2 ) , i s a v io lent contact 
between d i s t inc t but s imilar e n t i t i e s . Under this de f in i t i on , an 
automobile wreck, an animal f i g h t , a clash between two primit ive t r i b e s , 
or a conf l i c t between two nations using the most modern equipment of 
destruction would a l l be c l a s s i f i e d as war. Karl von Clausewitz (14) 
2 
defines war as "an act of force to compel our adversary to do our w i l l . " 
This de f in i t ion , while more r e s t r i c t i v e than Quincy Wright ' s , i s s t i l l 
too broad in scope. For the purpose of th i s study, war sha l l be defined 
as "an act of violence by which disputes between governments are settled." 
The history of war can be divided into three broad epochs: war 
between primitive men, war between c i v i l i z e d men, and modern war between 
large nations employing modern weapons. Quincy Wright points out that 
speech, writ ing, and print ing, respect ive ly , i n i t i a t e d the ages of 
primitive man, of c i v i l i z a t i o n , and of the world community. 
War can be traced to the emergence of the primates, able to com­
municate with each other by spoken language, many centuries ago. Com­
munication i s necessary to war, since i t has been defined as an act of 
violence between two governments and only with communication i s govern­
ment poss ib l e . War between these primitive creatures was fought for 
atonement, for revenge, for sport , for sexual p r e s t i g e , for t e r r i t o r i a l 
conquest or defense, but mainly,for manifesting and preserving the s o l i ­
darity of the group or government. Today we c a l l th i s l a s t characteristic 
patriotism or nationalism. The importance of group s o l i d a r i t y or p a t r i ­
otism i s emphasized by the fact that in many primitive cultures, clans 
composed of only a few hundred persons were continuously at war. These 
wars were necessary to preserve internal s o l i d a r i t y . Camilla H. Wedge-
wood (62) makes this c lear: "The constant function of war i s to 
strengthen the bonds of union between the individuals of the f ight ing 
community and make them increasingly conscious that they are members of 
a s ingle unit ." 
The second epoch of war, war between c i v i l i z e d man, probably began 
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WITH THE FORMATION OF C I V I L I Z A T I O N ALONG THE VALLEYS OF THE N I L E AND 
E U P H R A T E S , APPROXIMATELY 1 0 , 0 0 0 YEARS AGO. WAR I N THE S T R I C T SENSE OF 
THE D E F I N I T I O N ADOPTED FOR T H I S STUDY BEGAN WITH T H I S E R A . NOT U N T I L 
T H I S T I M E I N H ISTORY WAS I T P O S S I B L E TO G I V E A CLEAR D I S T I N C T I O N BETWEEN 
RULER AND R U L E D , A CLEAR CONCEPTION OF P R O P E R T Y , AND TO HAVE A BODY OF 
LAWS, D I S T I N C T FROM THE NATURAL I N S T I N C T S , TO REGULATE THE S O C I A L R E L A ­
T I O N S H I P S E X I S T I N G BETWEEN MEN. A WRITTEN LANGUAGE P E R M I T T I N G THE 
STORAGE OF I D E A S AND RECORDS AND COMMUNICATIONS BETWEEN TWO SEPARATED 
P A R T I E S WAS E S S E N T I A L . WARFARE DURING T H I S P E R I O D HAD A TENDENCY TO I N ­
VOLVE LARGER GROUPS, S I N C E THE WRITTEN LANGUAGE ALLOWED U N I F I E D ORDERS 
AND COMMANDS TO B E G I V E N TO MUCH LARGER GROUPS THAN THE SPOKEN LANGUAGE. 
I N A D D I T I O N , THE WRITTEN LANGUAGE LED TO INVENTIONS OF INSTRUMENTS OF 
WARFARE, TO M I L I T A R Y TRANSPORTATION, AND TO NEW M I L I T A R Y FORMATIONS OR 
T A C T I C S . THE PURPOSES OF WAR REMAINED MUCH THE SAME AS THEY WERE DURING 
THE P R E - C I V I L I Z E D E R A . WAR WAS FOUGHT FOR THE MOST PART BY S P E C I A L I Z E D 
PERSONNEL AND ONE OF I T S MAIN PURPOSES CONTINUED TO B E THAT OF M A I N T A I N ­
I N G THE S O L I D A R I T Y OF THE GROUP. C I V I L I Z A T I O N S USUALLY EXPANDED I N T E R ­
R I T O R Y AND BECAME MORE INTEGRATED I N T E R N A L L Y , ALL AS A RESULT OF WARFARE. 
T H I S SAME WARFARE THEN DESTROYED THE C I V I L I Z A T I O N THROUGH DESTRUCTIVENESS, 
THE EXHAUSTION OF R E S O U R C E S , E P I D E M I C D I S E A S E S , AND OTHER C A U S E S . 
THE I N V E N T I O N OF THE P R I N T I N G P R E S S I N THE EARLY F I F T E E N T H 
CENTURY MARKED THE B E G I N N I N G OF THE AGE OF I N V E N T I O N — T H E AGE OF MODERN 
WARFARE. THE INVENTION OF GUNS AND E X P L O S I V E S , THE IMPROVEMENT OF 
MEANS OF TRANSPORTATION, THE A P P L I C A T I O N OF STEAM AND GASOLINE POWER 
ALL CONTRIBUTED TO A NEW ERA OF DESTRUCTIVE WARFARE. U N T I L RECENT 
P E R I O D S , MAN HAD NO R E L I A B L E METHOD OF R E L E A S I N G POWER STORED BY OTHER 
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than human or animal muscle for the purpose of s tr ik ing an enemy. 
The inventions of firearms and chemicals for s tr iking the enemy and 
steam, gas, and e l e c t r i c power for mi l i tary movement, coupled with a 
r e l i a b l e means of communication have transformed the character of 
mi l i tary operations and made them war in the modern sense. These 
changes have made war more destruct ive , more l i k e l y to spread, and con­
sequently of more general interest to a l l mankind. Men in a l l c i v i l i ­
zations have spoken of the e v i l s of warfare but war, with c i v i l i z a t i o n , 
has continuously progressed in i t s e f f i c i ency , and mankind i s forever 
devoting more time and money to implementing newer and more powerful 
implements of destruct ion. 
The la s t few centuries have seen a continued interest in develop­
ing a theory of warfare, for i f we cannot have a warless world we must 
understand the science or art of the conduct of war. Karl von Clause-
wit z (14) aptly s ta tes : 
If theory invest igates the things that make up war, i f i t 
separates more d i s t i n c t l y that which at f i r s t s ight seems 
confused, i f i t explains f u l l y the properties of the means, 
i f i t shows their probable e f f e c t s , i f i t c l ear ly defines 
the nature of the ends in view, i f i t sheds the l i gh t of a 
de l ibera te , c r i t i c a l observation over the whole f i e l d of 
war—then i t has achieved the main object of i t s task. 
The problem of analyzing mi l i tary conf l i c t s to determine the best 
s trateg ies to fo l low in the conduct of warfare, has become of increasing 
importance in modern t imes. 1 
War Gaming 
The spec i f i c origins of early studies regarding the analysis and 
the simulation of mi l i tary conf l i c t are unclear. Sayer (54) makes the 
statement that war gaming evolved from what might be designated as "war 
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chess." In f a c t , he s t a t e s , "The game of chess i s the oldest form of 
war game, and modern map maneuvers have grown out of the game of chess 
by a long process of evolut ion." This statement i s not supported by 
other historians who refuse to make such e x p l i c i t statements regarding 
the origin of war games. Weiner (55) makes a more conservative s t a t e ­
ment : 
Although i t i s not poss ible to be def in i te about the origin of 
war games, i t seems that games very early took on a formal and 
abstract character. By formal i s meant that there were def in i te 
rules covering what players could do and what the immediate 
outcomes of each action would be. By abstract i s meant that 
the r u l e s , the playing board, the p i eces , e t c . , were not spec i f i c 
representations of real l i f e phenomena. 
Interest ing accounts of these early games with many detai led examples 
are given by Anderson ( 1 ) , Thomas ( 5 4 ) , and Young ( 6 3 ) . 
The f i r s t noteworthy improvement in these war games took place in 
1798. In an e f for t to achieve more real ism, George Venturini , at 
Schleswig, introduced the "New Kriegspie l ." The main innovation was 
the introduction of maps to replace the older game boards. These maps 
were divided into 3,600 squares and the pieces were moved in such a way 
as to resemble the ordinary marches of troops, with the configuration 
of the ground taken into account. The expense paid to achieve th i s 
realism was a great increase in the complexity of the game. Sixty 
pages of rules, were required to govern the movement and the f ight ing of 
the troops. This increase in complexity led to much opposition and 
eventually into the divis ion of war games into "Rigid Kriegspiel" and 
"Free Kriegspie l ," corresponding to the opposing demands for realism 
and s impl i f ied playable games. 
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In 1824 Lieutenant von Reisswitz of the A r t i l l e r y of the 
Prussian Guard published a set of rules with the t i t l e , "Instructions 
for Representation of Tact ica l Maneuvers Under the Guise of a War 
Game." This form of Rigid Kriegspiel received the o f f i c i a l approval 
of von Mueffling, then Chief of the General Staff , and King Wilhelm I I I . 
Modern war gaming i s e s sen t ia l l y a continuation of the game advocated 
by von Reisswitz . New rules have been introduced to r e f l e c t more 
accurately the changing nature of war, and elaborate t a b l e s , charts , 
and computations are necessary to incorporate such de ta i l s as troop 
movements and e f f ec t s of f i r e . 
The free variety of war gaming was introduced in extreme form by 
the work of General Verdy du Vernois. In th i s game the elaborate tables 
and computations which control the play in "Rigid Kriegspiel" are 
replaced by an umpire who, through experience and knowledge of the out­
comes of past engagements, makes decisions according to his own views. 
This re su l t s in a great speed-up of the game and permits the game to 
be played without the elaborate preparations and computing f a c i l i t i e s 
necessary for the r ig id form of the game. 
As the fame of the Prussian system spread, both free and r i g i d 
var i e t i e s of war gaming were introduced into other countries . In 1872 
Captain Baring (54) of the Royal A r t i l l e r y prepared a set of rules for 
a similar game which was introduced in the United States at West Point. 
Captain W. R. Livermore ( 3 9 ) , U. S. Corps of Engineers, designed new 
technical apparatus to be used in the play of the game. He a lso prepared 
extensive tables depicting re su l t s of a var ie ty of d i f ferent type en­
gagements under varying condit ions. These tables were based on data 
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from the C i v i l War (1861-1865) and the Franco-Prussian War ( 1 8 7 0 - 1 8 7 1 ) . 
Free Kriegspiel gained in popularity in the United States with the 
translat ion of the work of von Verdy by Major Swift , U. S. Army, in 1897. 
S imi lar ly , both the free and the r i g i d var i e t i e s were introduced into 
almost every major country during the l a t t e r part of the nineteenth 
century. 
War gaming, although valuable as a training and a tes t ing device , 
did l i t t l e to further the analysis of the conf l i c t s i tuat ion . The f i r s t 
mathematical analysis of the re lat ionship between opposing forces in 
ba t t l e was made by F. W. Lanchester ( 3 8 , 45) in 1916. 
Lanchester Ts Equations 
Lanchester f s l inear law i s applicable to e i ther individual duels 
between members of opposing forces or combat s i tuat ions where firepower 
i s randomly directed on an area known to be occupied by the opposing 
force . 
In the f i r s t case the d i f f e r e n t i a l equations of combat are: 
x 1 = "Ak 2 1 (1 ) 
the a t t r i t i o n rate or the rate of change of the ODD 
and EVEN f o r c e s , re spec t ive ly , with respect to t ime, 
the coe f f i c i ent of e f fect iveness of ODD and EVEN 
u n i t s , re spec t ive ly , and 
where 
X l ' X 2 
k 1 2 ' k 2 1 
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A = THE NUMBER OF DUELS P E R U N I T T I M E . 
X L = ~ K 2 1 X L X 2 ^ 
X 2 K 1 2 X L X 2 5 
WHERE AND x^ ARE THE NUMBER OF S U R V I V I N G U N I T S ON ODD AND EVEN S I D E S , 
R E S P E C T I V E L Y , AT T IME T . 
I T CAN BE SEEN THAT EQUATIONS ( 1 ) I S A S P E C I A L CASE OF EQUATIONS 
( 2 ) . I N AN I N D I V I D U A L DUEL x^ = x^ = 1 AND EQUATIONS ( 2 ) BECOME: 
X L = K 2 1 
X 2 " K 1 2 * 
WHEN THE NUMBER OF DUELS PER U N I T T I M E ARE C O N S I D E R E D , EQUATIONS ( 1 ) 
R E S U L T S . 
THE SOLUTION TO EQUATIONS ( 2 ) I S : 
X 1 0 ( K 2 1 X 2 0 " K 1 2 X 1 0 ) ( 2 F ) 
1 ( K 2 1 X 2 0 " K 1 2 X 1 0 ) T , 
K 2 1 X 2 0 6 K 1 2 X 1 0 
X 2 0 ( K 1 2 X 1 0 K 2 1 X 2 0 } 
2 ( K 1 2 X 1 0 " K 2 1 X 2 0 ) I : , 
K 1 2 X 1 0 6 K 2 1 X 2 0 
I N THE SECOND CASE THE D I F F E R E N T I A L EQUATIONS OF COMBAT ARE 
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If t i s eliminated from Equations ( 2 ' ) , the resul t i s 
k 1 2 ( x l 0 " X l ) = k 2 1 ( X 2 0 - X 2 ) (2") 
This i s also a solution to Equation ( 1 ) . 
Two sides are said to be equally matched when the ra t io of their 
a t t r i t ion i s equal to the ra t io of their numerical strengths, or 
Substituting values of x and x into Equation (2) resul t s in 
The above equality establishes that , i f Lanchester's l inear law i s a 
good representation of combat, two opposing forces are equally matched 
when the ra t io of their numerical strength i s equal to the reciprocal 
of the ra t io of their effect iveness . The ra t io ^^1^12 w^-*"^ ^ e T e ^ e T r e ( ^ 
to as the effectiveness r a t i o . 
Lanchester's square law considers the case of concentrated forces 
with extended firepower. Unlike the case of the individual duel, where 
one man i s opposed to one man, or the case of area f i r e where f i r e i s 
not directed at a specif ic opponent, each participant can f i r e at every 





which characterize the a t t r i t i o n rates of the opposing sides depend upon 
the number of f ighting men and their e f fec t iveness . Lanchester's equa­
tions for this case become 
X l = ~ k 2 1 X 2 ^ 
X 2 = " k 1 2 X l 
The solution to Equations (4) i s 
X l = X 1 0 ° O S h t > / k 1 2 k 2 1 ~ X 2 0 l / k 2 1 / k 1 2 S l n h t > / k 1 2 k 2 1 
X 2 = X 2 0 C O S h t / k 1 2 k 2 1 " X 1 0 / k 1 2 / k 2 1 s i n h t / k 1 2 k 2 1 
The solution to Equations ( 4 ) , with time eliminated i s 
k12 ( xl0 " X l } = k21 ( x20 " X 2 } • ( i t , , ) 
The notation used in Equations C4) and in the ir solut ion i s the same 
as for Equations ( 1 ) , 
Since the solution of Equations (4) i s a re la t ion between the 
squares of the number of combatants, th i s equation i s often referred to 
as Lanchester's square law 0 I f the values for and from Equations 
(4) are substituted into Equation ( 2 ) , the condition for equal i ty of 
f ight ing strength i s seen to be 
1 1 
' 2 1 
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THUS TWO OPPOSING FORCES ARE EQUALLY MATCHED WHEN THE R A T I O OF T H E I R 
E F F E C T I V E N E S S I S EQUAL TO THE RECIPROCAL OF THE SQUARE OF THE R A T I O 
OF T H E I R NUMERICAL STRENGTHS„ CONSEQUENTLY, I T I S MORE P R O F I T A B L E TO 
INCREASE THE NUMBER OF P A R T I C I P A N T S I N AN ENGAGEMENT THAN I T I S TO 
I N C R E A S E BY THE SAME FACTOR THE E F F E C T I V E N E S S OF WEAPONS. 
RECENT DEVELOPMENTS 
ALTHOUGH LANCHESTER 'S EQUATIONS ARE ACCLAIMED TODAY AS ONE OF 
THE GREATEST STEPS FORWARD I N THE MATHEMATICAL A N A L Y S I S OF COMBAT, 
VERY L I T T L E ATTENTION WAS G I V E N TO THEM U N T I L THE ADVENT OF WORLD 
WAR I I „ . THE FORMATION OF VARIOUS OPERATIONS RESEARCH GROUPS LED 
TO THE I N V E S T I G A T I O N OF LANCHESTER-TYPE EQUATIONS I N THE ANALYSIS OF 
COMBAT. 
THESE RECENT DEVELOPMENTS OF LANCHESTER-TYPE EQUATIONS CAN BE 
D I V I D E D INTO TWO BROAD C A T E G O R I E S , ( A ) D E T E R M I N I S T I C MODELS, AND ( B ) 
STOCHASTIC MODELS. LANCHESTER 'S O R I G I N A L EQUATIONS WERE D E T E R M I N I S T I C 
AND ASSUMED A HOMOGENEOUS COMPOSITION OF F O R C E S . THAT I S , THE FORCES 
I N COMBAT ARE COMPOSED OF U N I T S OF A S I N G L E TYPE OR CAN B E EXPRESSED I N 
TERMS OF U N I T S OF A S I N G L E T Y P E , AND THE OUTCOME OF A CONFL ICT I S COM­
P L E T E L Y DETERMINED BY I T S I N I T I A L CONDIT IONS. 
D E T E R M I N I S T I C MODELS—HOMOGENEOUS C A S E . ONE OF THE S I M P L E S T 
EXTENSIONS OF LANCHESTER 'S EQUATIONS I S REPRESENTED I N THE STUDY MADE 
BY ENGEL ( 2 1 ) OF THE AMPHIBIOUS ASSAULT ON IWO J I M A . ENGEL DEMONSTRATED 
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the va l id i ty of Lanchester-type equations in the actual combat s i tuat ion 
where U. S. forces captured Iwo Jima. The equations used by Engel were 
the or ig ina l Lanchester T s square law equations with an added term to 
represent the rate at which fr iendly troops entered combat. These equa­
t ions can be expressed as 
x 1 = •W 1 ( t ) - k 2 1 x 2 (5) 
2 k 1 2 X l 
The notation i s the same as in Equations (1) with the added term 
W(t) = the production rate or the rate at which fr iendly 
troops entered combat. 
The theoret i ca l resu l t s agreed very c lose ly with the actual f ight ing 
strength observed as shown in Figure 1. The data used in Engel T s study 
were obtained from the His tor ica l Divis ion, U. S. Marine Corps. 
Engel notes that d i f f i c u l t i e s in co l l ec t ing the necessary 
detai led data have discouraged further attempts to val idate Lanchester Ts 
equations. I f a su f f i c i en t ly large number of spec i f i c combat s i tuat ions 
The amount of detai led data required for model val idat ion i s 
i l l u s t r a t e d by the following l i s t of data used by Engel: 
(a) the to ta l number of fr iendly troops put ashore each day (no 
fr iendly troops ashore prior to the beginning of the engagement); 
(b) the t o t a l number of fr iendly casualt ies each day and, 
separately , those k i l l e d in act ion; 
( c ) the number of enemy troops ashore at the beginning of the 
engagement; 
(d) the time when the is land was declared secure (a f ter th i s 
t ime, although the b a t t l e continued, i t may have done so at a d i f ferent 
r a t e ) ; 
( e ) the time when the engagement ended (a f ter the is land was 
declared secure); 
( f ) the number of enemy troops at the end of the engagement 
(zero i f a l l were destroyed). 
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Theoretical 
4 8 12 16 20 24 28 32 36 
(TIME IN DAYS) 
Figure 1 . Theoretical versus Actual Fighting Strength 
During the Capture of Iwo Jima 
i s invest igated, i t may be poss ible to determine parameter values that 
pertain to certain types of combat s i tuat ions as well as "operational 
constants" that re la te these parameters to other known fac tors . 
Furthermore, such re lat ionships w i l l be extremely useful i f i t i s 
poss ible to measure or estimate them prior to the inception of an 
engagement. 
C. W. Karns (36) conducted a further study of the Iwo Jima con­
f l i c t , analyzing the e f fec t of varying W(t) on the number of casual t ies 
and the duration of the b a t t l e . The resu l t s of his study indicated that 
the optimum procedure in an amphibious operation of th i s type i s to send 
men ashore on the f i r s t day as rapidly as ship-to-shore transport f a c i l i ­
t i e s and beachhead area al low, and then to re-enforce as rapidly as pos­
s ib l e with as many troops as are necessary to keep casual t ies and length 
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of ba t t l e below the ir acceptable maxima. This procedure was e s sen t ia l l y 
followed at Iwo Jima. Karn's study further indicated that i f physical 
f a c i l i t i e s would have permitted the entire 73 ,000 men used at Iwo Jima 
to have been sent ashore on the f i r s t day, the ba t t l e would have been 
shortened by only one or two days and the casualt ies reduced by l e s s 
than 7 per cent . 
In a study of other combats, H. K. Weiss (57) observed that theo­
r e t i c a l resu l t s based on the equations used by Engel did not agree with 
the empirical data but that casualty rates appeared to show a r i s e and 
f a l l as forces advance, withdraw, or meet prepared defenses. Weiss pro­
posed that Lanchester's square law be modified to include the e f f ec t of 
the r e l a t i v e movement of forces . The modified equations studied were 
x, = -k 2 1 X 2 g ( r ) 
" k 1 2 X l g ( r ) 
(6 ) 
The function g ( r ) i s monotonically decreasing function of r , the separa­
tion distance between the two opposing forces . Although the casualty 
rates are now functions of the separation distance between the two 
opposing forces , the solution of (6 ) with time eliminated i s the same 
as for the or ig ina l Lanchester's square law. Weiss analyzed these equa­
t ions making the assumption that each commander had predetermined the 
maximum acceptable casualty rate and advanced or retreated accordingly. 
No attempt was made to ver i fy the resu l t s of th i s study with data from 
actual combat s i tuat ions . A similar analysis was previously made by 
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RASHEVSKY ( 4 9 ) WHO ALSO INCLUDED A METHOD FOR INTRODUCING "MORALE" INTO 
THE OVERALL E X P R E S S I O N S . T H I S PAPER WAS A THEORETICAL TREATMENT WITH 
NO ATTEMPT AT . V A L I D A T I O N . 
MORSE ( 4 4 ) AND OTHERS RECOGNIZED THE NEED FOR AN ADDIT IONAL TERM 
PROPORTIONAL TO THE NUMBER OF TROOPS ENGAGED ON A S I D E I N THE CONFL ICT 
TO REPRESENT LOSSES OF ONE'S OWN TROOPS DUE TO M I S F I R E S , A C C I D E N T S , AND 
SO FORTH. THE M O D I F I E D EQUATIONS WITH THE ADDIT IONAL TERMS ADDED ARE 
x ± = W 1 ( T ) - K 2 1 X 2 - K L L X L ( 7 ) 
X 2 = W 2 ( T ) - K ^ - K 2 2 X 2 . 
HERE THE K ^ AND K 2 2 C O E F F I C I E N T S REPRESENT THE LOSS RATE P E R MAN P E R 
U N I T T I M E DUE TO OPERATIONAL A C C I D E N T S . SOLUTIONS TO THESE MORE GENERAL 
EQUATIONS BECOME I N C R E A S I N G L Y D I F F I C U L T AS SHOWN BY MORSE I N REFERENCE 
( 4 4 ) , 
WITH THE ADVENT OF WEAPONS HAVING LARGE AREAS OF E F F E C T I V E N E S S , 
MODERN WARFARE I S TENDING TOWARD EMPLOYMENT OF .SMALL COMBAT GROUPS 
OPERATING INDEPENDENTLY. I T BECAME NECESSARY TO MODIFY LANCHESTER 'S 
EQUATIONS TO REPRESENT THE T I M E RATE OF CHANGE OF COMBAT STRENGTH WHEN 
COMBAT TAKES PLACE BETWEEN SUCH GROUPS. W E I S S ( 5 7 ) REFORMULATED L A N ­
C H E S T E R ' S EQUATIONS AS 
x, = -K 2 1 X 2 X L ^ M I 
" K 1 2 X L X 2 ^ M 2 
( 8 ) 
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where m̂  and are the s i ze of the individual groups. When m̂  = 
m = 1 , the solution of Equation (8) y i e l d s , after t i s e l iminated, the 
l inear re la t ion between x^ and x^ which i s Lanchester's l inear law. 
Weiss (57) further assumed that both sides had large weapons del iverable 
by a ir ( x g Q 5
 x q̂ ) s a n a " that each weapon i n f l i c t s casual t ies on a combat 
group in proportion to the s i ze of the group. The equations, modified 
to include these terms, become 
X l = _ k 2 1 K 2 X l / m i " \ l \ 0 m i 
x 2 = - k 1 2 x x x 2 / m 2 - k 3 2 x 3 Q m2 . 
Each side i s assumed to choose that value of m that minimizes his 
instantaneous loss r a t e . This requirement i s s a t i s f i e d when 
2 k 2 1 X 2 X l 
M-1 M-0 
2 k 1 2 X l X 2 m„ = 
2 k 3 2 X 3 0 
If these values for m are substituted into Equations ( 9 ) , equal i ty of 
f ight ing strength i s obtained when 
( k 1 2 x 2 ) ( k 3 2 x 3 Q ) = ( k 2 1 x 2 ) ( k 4 1 x 4 0 ) . 
This equality i s developed in de ta i l in Appendix A. Thus the presence 
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of weapons e f fec t ive against large groups has not depressed the value 
of numbers of men, provided the men are employed in units of such a 
s ize as to minimize the instantaneous loss r a t e . 
A l l of the studies c i ted have one fau l t in common. No theory 
. . . k21 
predicting the ef fect iveness rates or the "effectiveness r a t i o , " r—, 
k 1 2 
has been proposed. In .1962, R. L. Helmbold (25) conducted a detai led 
study of h i s t o r i c a l data with the express purpose of determining 
empirical re lat ionships among various quantitative aspects of ground 
combat. Although Helmbold found.that there apparently ex i s t s a r e l a -
. . . k21 
t ionship between the logarithm of the ef fect iveness r a t i o , In r - — , and 
x i o 1 2 . 
the logarithm of the f o r c e . r a t i o , In , he was unable to es tabl i sh 
X 2 0 
bounds on this re la t ionship . 
An interest ing study of a s imilar nature to Helmbold's was con­
ducted la te in 1962 by Willard ( 6 1 ) . The purpose of Wi l lard 's study was 
to determine, by an examination of h i s t o r i c a l mi l i tary data, the extent 
to which Lanchester's equations are an expression of a general property 
of b a t t l e . Willard considered both the deterministic-homogeneous case 
and the s tochast ic form of Lanchester's square law. His findings ind i ­
cated that Lanchester's square law was the poorest choice of the deter­
minist ic laws. In f a c t , his findings indicated that casualty rates are 
inversely proportional to the square root of the opposing force . M i l i ­
tary theor is t s would find this conclusion hard to b e l i e v e , for i t would 
indicate that the smaller the enemy the greater his casualty producing 
power and one should not strive for large armies and concentrated forces . 
Wil lard further implies that the s tochast ic form of the theory i s a be t ­
t er predictor of the outcome of a b a t t l e . However, he a lso concludes 
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that this model as a predictor depends upon a sa t i s fac tory estimate of 
. k21 
the ef fect iveness r a t i o , - — . At th i s time there i s no sa t i s fac tory 
k 1 2 
method of estimating the ef fect iveness r a t i o . Willard further concludes 
that "in the absence of any method of predicting E (the ef fect iveness 
r a t i o ) r e l i a b l y there i s l i t t l e value in a simple version of Lanchester's 
equations as a predict ive too l where the only known quantit ies are the 
i n i t i a l strengths." 
Further analyses of deterministic-homogeneous Lanchester-type 
equations were made by Bach et a l . (3) and Dolansky ( 1 6 ) . In general , 
these analyses were designed to invest igate 
(a) the t o t a l los s of the v ic tor as a function of the s i ze of 
his f ight ing force; 
(b) the prediction of the outcome of an engagement from i n i t i a l 
performance data when values of the various a t t r i t i o n rates are not 
known; and 
( c ) analog c i rcu i t s simulating the performance of the model. 
Their studies a l l depend upon a knowledge of some factors not neces­
s a r i l y known prior to the inception of the b a t t l e ; most generally they 
depend upon a knowledge of the i n i t i a l a t t r i t i o n rates at the onset of 
the b a t t l e . 
Deterministic Models—Heterogeneous Case. In most cases of 
actual combat the composition of forces i s not homogeneous, i . e . , forces 
are made up of more than one type of un i t . Furthermore, i t i s often 
d i f f i c u l t i f not impossible to assign a common measure of f ight ing 
strength to a l l u n i t s . The units are not commensurable. This case i s 
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usually referred to as the heterogeneous case and as yet no solution to 
the general heterogeneous case e x i s t s . 
The d i f f e r e n t i a l equations for the heterogeneous case can be 
expressed in the same notation as used for the homogeneous case. Sides 
"ODD" and "EVEN" are described with subscripted notat ion, "ODD" having 
x^ 9 X g , x , o o o units of type 1 , 3 , 5 , e t c . , at time t with complementary 
expressions for "EVEN." Thus x , and x 0 may represent men, x , x a i r -
c r a f t , Xj_, Xg tanks, and so forth . 
I t should be noted that , in general , any part icular type of 
weapon cannot attack a l l others but some may have the option of attack­
ing several types of targe t s . Therefore, associated with each unit type 
i s a parameter f ^ . which represented the fract ion of units of i th type 
which attack units of the j th type. This necess i tates that the sum of 
a l l f „ over j be equal to unity for a l l i , i . e . , 
T f . . = 1 . 0 , for a l l values of i . (11) 
h in 
Lanchester's square law for the heterogeneous case can be stated as 
X0DD = W l ( t ) " kll Xl " f21 k21 X2 " k31 X3 " f41 \l \ " • • • ( 1 2 ) 
XEVEN = W 2 ( t ) " f12 k12 Xl " k22 X 2 " f 3 2 k32 X3 " ''' e t C > 
Here the k ^ and k^^ coefficients represent operational attrition of the 
weapon system, non-combat i l l n e s s , in jur ies to s o l d i e r s , and so for th . 
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Coeff ic ients such as k represent unintentional a t t r i t i o n of own 
troops due to short rounds, bombing errors , and other accidental 
causes. 
As stated before , no general solution to Equations (12) has been 
obtained as ye t . However, many interest ing l imited cases have been 
analyzed. Noteworthy among these are the studies of Morse (44) and 
those of Weiss ( 5 7 , 5 8 ) . 
t o t a l forces s p l i t into two types—strategic and t a c t i c a l . The s t ra ­
teg ic forces are directed only against the enemy's productive capacity 
while the t a c t i c a l forces are directed against the enemy's s trateg ic 
and t a c t i c a l forces . Morse further s implif ied the problem by assuming 
that the effect iveness of the s trateg ic forces was proportional to the 
ra t io between the s trateg ic force and the opposing t a c t i c a l f o r c e , and 
that furthermore the a t t r i t i o n coef f i c i ents for both sides were the 
same. This resulted in the following equations. 
In these equations 3 i s the coef f ic ient of ef fect iveness of the 
s trateg ic un i t s . The second subscripts on the x's pertain to the com­
posi t ion of forces , thus , x^ = x + x ^ and the second subscripts 1 , 
2 denote t a c t i c a l and s trateg ic forces , respec t ive ly . 
Morse (44) has studied the case in which both sides have the ir 
k (x2 + x 1) (13) 
k (x. + x 0) . 
2 1 
A s s u m i n g t h a t t h e c o m m a n d e r s o f t h e t w o f o r c e s b e h a v e i n a 
r a t i o n a l m a n n e r , t h e c o m m a n d e r o f t h e "ODD" s i d e s h o u l d s t r i v e t o 
m a x i m i z e t h e e x p r e s s i o n 
L ( x l l 9 x 2 1 ) = - * 2 = W l w 2 -
( \ 2 ( \ 2 ( x - x ) ( x - x ) 
W ±—±± W £ i± 
1 x _ 2 x 2 1 1 1 
( 1 4 ) 
a n d t h e c o m m a n d e r o f t h e "EVEN" s i d e s h o u l d s t r i v e t o m i n i m i z e i t . 
S i n c e x ^ a n d x 2 a t a n y i n s t a n t a r e f i x e d b y t h e p r e v i o u s h i s t o r y o f t h e 
s i t u a t i o n , t h e o n l y a d j u s t m e n t s p o s s i b l e a r e i n t h e c o m p o s i t i o n o f t h e 
f o r c e s . T h e s e a d j u s t m e n t s a r e made b y r e q u i r i n g t h a t 
8 L ( x , x ) 8 L ( x , x ) 
— = 0 , = = — — < 0 
8 x 
1 1 3 x ' 11 
( 1 5 ) 
8 L ( x , x ) 8 L ( x , x ) 
z ± — = o , i i — — > 0 
8 x 
2 1 9 x 
2 1 
A p p l y i n g t h e s e c r i t e r i a , M o r s e d e r i v e s t h e o p t i m u m s t r a t e g y f o r t h e t w o 
c o m m a n d e r s . I n g e n e r a l , t h e r e s u l t s s h o w t h a t t h e f r a c t i o n o f t h e f o r c e s 
w h i c h s h o u l d b e a s s i g n e d t o t h e t a c t i c a l a r m h a s a l i n e a r d e p e n d e n c e o n 
t h e r a t i o b e t w e e n t h e t o t a l f o r c e s o f t h e t w o s i d e s . I t a l s o d e p e n d s o n 
t h e r a t i o o f t h e i n i t i a l p r o d u c t i v e f o r c e s o f t h e t w o s i d e s a l t h o u g h t h e 
d e p e n d e n c e o n t h i s r a t i o i s o n l y t o t h e o n e - t h i r d p o w e r . T h u s , i f t h e 
e n e m y s t r e n g t h i n c r e a s e s we p u t m o r e o f o u r f o r c e s i n t h e t a c t i c a l a r m ; 
h o w e v e r , i f o u r t a c t i c a l f o r c e s a r e l a r g e r t h a n t h e e n e m y ' s we c a n 
a f f o r d t o p u t m o r e o f o u r s t r e n g t h i n t h e s t r a t e g i c a r m . A l t h o u g h 
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Morse's treatment of the problem i s interes t ing , the re s t r i c t i ons due tc 
his i n i t i a l simplifying assumptions are such that few, i f any, appl ica­
t ions can be made of the model. 
Weiss (57) conducted a s imilar study of a s impli f ied heterogene­
ous problem. In th i s problem he studied the balance between a ir and 
ground forces . A flow diagram of the model i s shown in Figure 2 . He 
did not , however, consider s trateg ic use of a i r power to reduce the 
enemy's production potent ia l . He s impli f ied the problem by assuming 
Figure 2. Flow Diagram of Weiss' Tact ical Model 
that ground forces can attack only ground forces , but a ir forces may 
attack either ground or a ir forces . He also omitted consideration of 
non-combat losses and force replacement and assigned equal coe f f i c i ents 
to similar weapons on both s ides . 
With the above assumptions the d i f f e r e n t i a l equations are 
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x, = -k 2 1 X 2 
f. . k. -.x. 41 41 4 
(16) 
x„ = -k 1 2 X l f 3 2 k 3 2 X 3 
X 3 f 4 3 k 4 3 X 4 
\ = " f 3 4 k 3 4 X 3 * 
Weiss solved Equations (16) for optimum t a c t i c s considering the proper 
balance of ground and air forces for the two opposing sides under given 
i n i t i a l condit ions. He extended the problem to include the smallest 
t o t a l budget to maintain force equality when the cost r a t i o of one unit 
of a ir to one unit of ground i s known and i t i s poss ible to determine 
the number of units of a ir to replace one unit of ground without chang­
ing the outcome of the c o n f l i c t . 
In a l a t er study Weiss (57) treated the problem from a d i f f eren­
t i a l game viewpoint following Isaacs' ( 3 0 , 3 1 , 3 2 , 33) formulation. 
Weiss i s careful to point out that "the model i s s t i l l too great an 
over-s impl i f icat ion of r e a l t a c t i c a l problems for conclusions to be 
taken ser iously with regard to rea l weapon systems." 
Analog Solutions. A very simple Monte Carlo simulation of Lan­
chester's equations was proposed by Driggs ( 1 7 ) . Driggs used dice with 
faces coded to represent casualt ies or a t t r i t i o n l o s s e s . Although the 
simulation was simple, su f f i c i ent f l e x i b i l i t y was incorporated to 
simulate a variety of condit ions. Results obtained agreed c lose ly with 
analyt ica l so lut ions . 
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Clark, et a l . (13) discussed the use of e lectronic analogs to 
simulate the behavior of Lanchester's equations in the homogeneous case. 
Robinson (50) enlarged on the work of Clark covering a wider range of 
parameter values and using a s l i g h t l y di f ferent analog c i r c u i t . He 
also formulated an analog model which combined Lanchester's square and 
l inear laws. Bach, et a l . (3) also discussed the use of analog simula­
t ion and proposed a portable unit which could be used in the f i e l d to 
a s s i s t commanders in arriving at s trateg ic dec is ions . 
Stochastic Models. Since chance enters into the actual combat 
s i tuat ion , any determinist ic model of combat such as Lanchester's equa­
tions can never exactly predict the outcome of b a t t l e . These equations 
only predict the approximate mean course of combat. Some excel lent and 
comprehensive stochast ic analyses of Lanchester's square law have been 
developed. Noteworthy among these have been the work of Snow (53) and 
Brown ( 1 1 ) . Di f ference-d i f ferent ia l equations (but not so lut ions) have 
been developed for the probabi l i t i e s of a given number of survivors but 
these equations are too complex to be of much pract ica l use. Snow (53) 
and Morse and Kimball (44) have shown that Lanchester's equations agree 
with the expected values obtained from the probabi l i ty analyses as long 
as neither side i s pushed to annihi lat ion. Snow suggests that higher 
moments of the probab i l i s t i c expression may be used to es tabl i sh c r i ­
t er ia as to the confidence l imi t s of the mean value equations. 
Most authors agree that a s tochast ic model i s preferable to the 
determinist ic models represented by Lanchester's equations in that a 
stochast ic model i s more representative of the actual s i tuat ion . How­
ever, due to the complexities involved in the probabi l i s t i c forms of 
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the equations, no complete solutions have been obtained for the general 
case. There is some doubt that the addit ional realism achieved i s 
worth the added complexity. Weiss (57) s ta tes : 
The probabi l i s t i c form i s preferable to the simple d i f feren­
t i a l equations; however i t i s not c lear that the added d i f f i c u l t y 
of solution i s consistent with the improved real ism, in view of 
the other known variables of actual combat. 
Professor Ladislav Dolansky (17) in a ta lk before the Tenth Anniversary 
Meeting of the Operations Research Society of America made a s imilar 
statement indicating that the probab i l i s t i c developments at the present 
time were too complicated to be of any pract ica l use . 
General Comments 
Numerous Lanchester-type models of warfare have been studied and 
the findings of these studies recorded in the l i t e r a t u r e . A c r i t i c a l 
survey of the l i t era ture has revealed the following areas to be in need 
of addit ional research: 
1 . An insuf f ic ient number of va l idat ion studies have been 
attempted. Only one attempt has been made at a detai led comparison of 
Lanchester f s square law against observed combat data. This study, made 
by Engel, showed good agreement between Lanchester's square law and 
combat data recorded for the bat t l e of Iwo Jima. 
2 . An attempt should be made at categorizing mi l i tary combat 
s i tuat ions to determine the e f f ec t of such variables as bat t l e s ize and 
per cent of casual t ies incurred. 
3 . There i s a need for more studies of h i s tor i c mi l i tary data 
with the express purpose of determining a r e l i a b l e method of estimating 
the ef fect iveness r a t i o , K 0 /K . Past studies have indicated that 
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there i s l i t t l e value in a simple version of Lanchester-type equations 
without a r e l i a b l e method of estimating the ef fect iveness r a t i o . 
4 . Additional research i s needed, directed toward the determina­
t ion of the app l i cab i l i ty of Lanchester's square and l inear laws. Pos­
s ib ly some exponential re la t ion i s a better model for the study of 
combat. There i s considerable disagreement among researchers in th is 
area. 
5 . The deterministic-heterogeneous case i s extremely complex. 
No general solution ex is ts for th is case. Limited solutions which have 
been studied have been so res tr i c ted by i n i t i a l simplifying assumptions 
that few, i f any, applications can be made of these models. 
6. The stochast ic forms of Lanchester's equations are extremely 
complex. Due to these complexit ies , no complete solutions have been 
obtained for the general case . Most researchers doubt that the addi­
t ional realism achieved by the stochast ic form i s worth the added com­
p l e x i t y . More research i s needed in th i s area, directed toward the 
derivation of more convenient approximate expressions for giving the 
number of surviving units and the probabi l i ty of win. 
Scope of the Study 
Previous studies have stressed importance of a simple Lanchester-
type expression or mathematical model of combat. General expressions or 
models have been too complex and simple homogeneous models have been 
unsuccessful due primarily to the absence of any method of r e l i a b l y 
estimating the ef fect iveness r a t i o . 
A general theory for estimating the ef fect iveness r a t i o applicable 
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to a l l conceivable combat conditions would be extremely d i f f i c u l t i f not 
impossible to develop. I t would depend upon weapons used, t a r g e t s , t e r ­
ra in , the type and number of troops involved, communications, e t c . The 
development of such a general theory, therefore , i s beyond the scope of 
th i s study. This study w i l l instead, through an analysis of data on 
past c o n f l i c t s , develop a re lat ionship between the ef fect iveness r a t i o 
of the simple homogeneous model and such factors as i n i t i a l strength of 
the two s ides , and the ident i f i ca t ion of the aggressor. 
In addit ion, an invest igat ion w i l l be conducted to determine 
whether Lanchester's square or l inear law is more applicable to the 
study of combat. The s e n s i t i v i t y of the outcome to the form of the law 
using typ ica l values for coef f ic ients of e f fect iveness and duration of 
the b a t t l e w i l l be studied. 
Another area of invest igat ion w i l l be concerned with the cate ­
gorizing of mi l i tary combat s i tuat ions . Categories w i l l be formed 
according to t o t a l i n i t i a l strengths of the combatants and the magnitude 
of the per cent casua l t i e s . Models w i l l be developed representing the 
various combat c lass s i tuat ions to determine the form of Lanchester law 
which best depicts each c lass of combat. 
Study Objectives 
The following i s a chronological l i s t i n g of the spec i f i c study 
object ives and the methods proposed for accomplishing them. The study 
attempts to : 
1. Determine i f Lanchester's square law, Lanchester's l inear 
law or some other exponential law bet ter depicts the flow of combat. 
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2 . Develop empirical re lat ionships between ef fect iveness ra t io 
and i n i t i a l strength. 
3 . Develop an advantage parameter to estimate the side having 
the advantage in an engagement. 
4 . Determine the sensit iveness of the form of Lanchester f s law 
to the magnitude of the ef fect iveness c o e f f i c i e n t s . 
5 . Categorize mi l i tary combat s i tuat ions according t o . t o t a l 
force and per cent casualt ies and develop models to estimate e f f e c t i v e ­
ness r a t i o and advantage for each category. 
6 . Estimate the v a l i d i t y of the models developed by determining 
the s t a b i l i t y of their regression coef f i c ients with time. 
I t i s expected that the accomplishment of these object ives w i l l 
help to es tabl i sh the usefulness of Lanchester-type equations in the 
study of combat. 
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CHAPTER I I 
DATA 
To analyze the relat ionships ex is t ing between factors known prior 
to combat and the outcome of the engagement, a comprehensive source of 
bat t l e data was required. A search of the unclass i f ied l i t erature 
revealed Bodart's MilitarhistovisQh.es Kriegs-Lexicon ( 5 ) to be the most 
comprehensive source of b a t t l e data ava i lab le . This work published in 
1906 c o v e r s a l l major bat t l e s fought between the years 1 6 1 8 and 1 9 0 5 . 
I t i s wel l known for i t s completeness and accuracy. A sample page i s 
reproduced as Figure 3 . For th is study, a l l the sea bat t l e s were e l imi ­
nated as well as a l l ba t t l e s for which e i ther the i n i t i a l strength or 
the casualty data for at l eas t one of the combatants were missing. A 
t o t a l usable sample of 1 0 8 1 bat t l e s was obtained. 
Due to the magnitude of the work ant ic ipated, the data were 
transferred to punched cards. Entries included date of the b a t t l e , 
names of the combatants, i n i t i a l s trengths, casualt ies of each s i d e , 
page and item number in the Lexicon, which side was the winner, and who 
was the attacker. The designation of a given side as winner or loser 
was Bodart f s and presumably r e f l e c t s the judgment of the historians at 
the time of the compilation of the Lexicon. The designation of a given 
The or ig ina l set of cards was obtained from Dr. D. Wi l lard . 
This deck was modified to include addit ional information required by 
th i s study. Copies of the f i n a l deck are obtainable on request . 
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(STADT IN FRANKRCICH, HAUPTSTADT DES DEP. SOMMC, 133 KM NORDL. VON PARIS). 
SIEG DER DEUTSCHEN (30.000 INR., 4.400 KAV., 137 GCSCH. = 35.000 M.) UNTCR GEN. D. INF. 
FH. V. MANTCULFTL UBCR DIE FRANAOSEN (23.500 INN., 1.500 KAV., 42 GCSCH. = 26.000 M.) 
UNTER GEN. FAIDHERBE. 
VERLUNTN: 
230 (1 STB. 18 OFLZ.) TOT . . . . ( I STB. 13 OFFZ.) 260 
1.070 (6 , 50 . ) • • VCRWUNDCT • (3 „ 33 . ) 1.140 
3 7V ----- 1.300 (7 STB. 68 OFFZ.) • BLUTIGE EINBASSE (4 STB. 40 OFFZ.) 1.400 = 5 6 * 
0-8* = 300 ( — 1 . ) • • vt-RMIFIT, GEFANGEN • ( — 20 . ) 2.100 = 8 4 * 
4-5% « 1.600 (76 OFFZ.) OESAMT - VERLASI (70 OFLZ.) 3.600 = 14-0% 
VERL. AN TROPHIEN: 9 KANONEN ( = 21%), 2 KAHNCN. 
1870 15 — 2 7 / 1 1 . B E L A G E R U N G 
UND 
E I N N A M M E 
VON 
La Fere 
FSTNDT IN FRANKRCICH, DEP. OISE, AN DOR OISC. 22 KM NORDVVCSTL. VON LAON). 
DIE DEUTSCHEN (5.000 M.) ZWINGEN DIE FRANNDSISCHE BCSATZUNG (2.300 M., 70 GCSCH.) 
ZUR CBCRGABC. DIE GARNISON WURDC KRIUGSGEFANGEN. 
1 8 7 0 2 8 / 1 1 . S C H L A C H T 
BCI 
Beaune-La-Rolande (4.) 
(STADT IN FRANKREICH, DEP. LOIRET, AN DCR KOLANDE, 19 KM SIIDOSTL. VON PITHIVIERS). 
DEUTSCHE FRANSOSEN 
GFM. PZ. FRIEDRICH KARL V. PREUFLCN GEN. CROUZAT 
STREITKRIIFTE: 
34.000 INFANTCRIC 56.000 
6.000 KAVALLCRIE 4.000 
174 GESCH. 40.000 GESAINT - STARKE 60.000 GESCH. 138 
Verluste: 
1.000 (1 STB. 39 OFTZ.) • • TOT UND VERWUNDCT • (11 STB. 112 OFFZ.) 2.200 = 3 7 * 
— — ' VCRMIFLT, GEFANGEN — — 1.800 = 3-0% 
2-6* - 1.000 GESAMT-VERLPST 4.000 — 6*7* 
I GCSCHUTZ. VERL. AN TROPHIEN: 
Figure 3 . Sample Page from Bodart's' MiZitdv-
historisches Kriegs-Lexioon 
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side as defender or attacker is the author's. Bodart did not make this 
designation in his work. It is realized that in many battles, such as 
chance engagements, the designation of defender and attacker may be 
difficult, if not impossible to determine, due to attack, counter­
attack, counter-counter-attack, and so forth. For the purpose of this 
study, the side fighting on his home soil or closest to his home soil 
was judged to be the defender. This rule was used consistently through­
out the data. 
Distribution of Data 
With Time 
Although the data covered the period from 1620 to 1905, the 
battles were not uniformly distributed in time. Figure 4 graphically 
depicts the distribution of the battles in time. The occurrence of 
periods of general military activity such as the Napoleonic Wars, the 
wars of Frederick the Great, and so forth, accounts for the high degree 
of clustering apparent in the data. 
Among Countries 
Countries participating in the battles covered by these data are 
listed in Table 1 along with their frequency of participation in number 
of battles over the 285-year period. 
It is interesting to note that if Prussia and Germany are com­
bined, their combined percentage is 20.4 per cent and this contribution 
to the entire sample is exceeded only by France and Austria. France., 
Austria and Prussia were without doubt the military might in Europe 
during most of the period covered by the sample, and it was their rivalry 
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Table 1. Distribution of Battles by Country 
Batt les Per Cent 
in Which of Data 
Country Participated Sample 
France 625 57 .4 
Austria 339 31 .1 
Russia 183 16 .8 
Prussia 156 1 4 . 3 
Turkey 128 11 .7 
Great Britain 99 9 . 1 
Holy Roman Empire 96 8 .8 
Germany 66 6 . 1 
USA 58 5 .3 
Holland 45 4 . 1 
Confederate States 
of America 43 4 .0 
Sweden 40 3 .7 
Hungary 35 3 .2 
Cossacks 32 3 .0 
which created most of the mi l i tary action during this period. I t i s 
a l so of interest to note the contribution of the United States of 
America and the Confederate States during the C i v i l War. The United 
States of America, a peace loving country, contributed more than i t s 
share of bloodshed during the 150-year per iod . . 
Related Facts 
Duration of Batt les 
Battles are defined as the operations during a period of time in 
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w h i c h h o s t i l e f o r c e s a r e c o n t i n u a l l y i n c o n t a c t w i t h o n e a n o t h e r . Q u i n c y 
W r i g h t ( 6 2 ) n o t e d t h a t o n e r o t a t i o n o f t h e e a r t h o n i t s a x i s h a s , t h r o u g h 
m o s t h i s t o r y , m a r k e d t h e a v e r a g e l e n g t h o f t h e b a t t l e . H e a t t r i b u t e d 
t h i s f a c t p r i m a r i l y t o t h e t e c h n i c a l d i f f i c u l t i e s o f f i g h t i n g a t n i g h t ; 
h o w e v e r , d u e t o t h e c h a n g e s i n m i l i t a r y t e c h n i q u e s , t h i s o b s e r v a t i o n 
d o e s n o t h o l d t r u e f o r t h e t w e n t i e t h c e n t u r y . O v e r 6 0 p e r c e n t o f a l l 
b a t t l e s f o u g h t i n t h e t w e n t i e t h c e n t u r y h a v e l a s t e d l o n g e r t h a n o n e d a y . 
T h e a v e r a g e d u r a t i o n o f b a t t l e s b y t h e c e n t u r y i s s h o w n g r a p h i c a l l y i n 
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Variation in Per Cent Casualties 
Table 2 . Total Engaged in Bat t l e , Total K i l l e d , and Per Cent ? 
Casualties for France by 50-Year Periods, 1630-1919" 
Number Number Ki l led Percentage 
Engaged or Wounded Ki l l ed or Wounded 
1630-1649 398 ,500 72 ,250 18 .13 
1650-1699 948 ,000 115 ,850 12 .22 
1700-1749 2,008 ,350 246 ,845 12 .29 




1800-1849 6 ,850 ,050 798 ,750 11 .66 
1850-1899 2,740 ,800 211 ,400 7 .71 
1900-1919 25,875 ,000 2 ,250 ,000 8 .70 
TOTAL 44,343 ,300 4 ,161 ,317 9 .38 
Source of data for Tables 2 through 5: Quincy Wright, A Study 
of War (Chicago, 1 9 4 2 ) , pp. 658-662 . 
Time 
Period 
There has been a noticeable trend toward a general decrease in 
per cent casualt ies with time during the period from 16 30 to 1919. 
Tables 2-5 and Figures 6 and 7 depict this general trend. A trend 
toward an increase in per cent casualt ies would be expected due to 
technical improvements in the machines of destruction. No l o g i c a l 
explanation can be given for th i s decrease in per cent casual t ies other 
than man's natural abhorrence to suffer ing. There appears to be a l imi t 
to the amount of punishment that a man i s w i l l ing to endure, and with a 
greater a b i l i t y to i n f l i c t punishment, man i s apparently not wi l l ing to 
merely stand and f ight unt i l he i s annihi lated. 
Table 3 . Total Engaged in B a t t l e , Total K i l l e d , and Per Cent 
Casualties for Great Britain by 50-Year Periods, 
1630-1919 
Time Number Number Ki l l ed Percentage 
Period Engaged or Wounded Ki l l ed or Wounded 
1630-1649 123,000 22 ,000 17.89 
1650-1699 446,250 68,450 15 .34 
1700-1749 486,850 70,780 14 .54 
1750-1799 883,420 54,935 6 .22 
1800-1849 638,700 67,685 10.60 
1900-1919 14 ,935,706 1 ,115 ,442 7 .47 
TOTAL 17 ,689,126 1 ,426 ,422 8.06 
Table 4 . Total Engaged in B a t t l e , Total K i l l e d , and Per Cent 
Casualties for the United States by 50-Year Periods, 
1770-1919 
Percentage 
Time Number Number Ki l l ed of those Engaged, 
Period Engaged or Wounded Ki l led or Wounded 
1770-1799 72,600 8,510 11 .72 
1800-1849 21,400 1,810 8.46 
1850-1899 4 ,013 ,700 498,242 12 .41 
1900-1919 6 ,258 ,000 150,284 2.40 
TOTAL 10 ,365 ,700 658,846 6.36 
Table 5 . Total Engaged in B a t t l e , Total K i l l e d , and Per Cent 
Casualties for France, Great Br i ta in , and the 
United States , 16 30-1919 
Percentage 
Time Number Number Ki l led of those Engaged, 
Period Engaged or Wounded Ki l led or Wounded 
1630-1649 521,500 94,250 18 07 
1650-1699 1 ,394 ,250 184,300 13 22 
1700-1749 2 ,495 ,200 317,625 12 73 
1750-1799 6 ,478 ,620 509 ,667 7 87 
1800-1849 7 ,510 ,150 868,245 11 56 
1850-1899 6 ,929 ,700 736,602 10 63 
1900-1919 47 ,398 ,706 3 ,515 ,916 7 47 
TOTAL 72 .398 .126 6.226 .605 8.60 
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Figure 6 . Per Cent of Those Engaged Who Were Ki l led or Wounded 
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Figure 7. Per Cent of Those Engaged Who Were Ki l l ed or Wounded versus 
Time for the United States and A l l Countries Combined 
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CHAPTER I I I 
PROCEDURE 
I t was noted in the introduction that the primary fau l t in the 
development of previous Lanchester-type models was the fa i lure to 
develop e i ther a general theory f o r , or a method of r e l i a b l y estimating 
the ef fect iveness r a t i o , k . . / k . . ( i i- j ) . I t i s an object ive of th is 
study to develop a model, or models, capable of estimating the e f f ec t ive ­
ness ra t io through consideration of i n i t i a l strength and ident i f i ca t ion 
of the aggressor and to determine the form of Lanchester laws most 
applicable to the data under consideration. To achieve this goa l , an 
analysis of h i s t o r i c a l data w i l l be conducted. A generalized form of 
Lanchester's equations w i l l be used. Through regression analysis 
techniques, a study w i l l be conducted to 
(a) determine whether Lanchester's square law, Lanchester's 
l inear law, or some exponential re lat ion most nearly 
depicts the outcome of a mi l i tary engagement, and 
(b) to develop a method of estimating the ef fect iveness 
r a t i o . 
Bodart's bat t l e data w i l l be categorized according to b a t t l e s i z e and 
per cent casualt ies suffered. Separate analyses w i l l be conducted for 
each category to determine the e f f ec t of ba t t l e s i ze and per cent 
casualt ies on the outcome of the b a t t l e s . A s e n s i t i v i t y analysis w i l l 
be performed to determine the s e n s i t i v i t y to the forms of the law 
4 1 
(SQUARE LAW OR L I N E A R LAW) USED I N THE A N A L Y S I S . 
THEORY 
A GENERALIZED FORM OF LANCHESTER ? S LAWS CAN BE STATED AS 
( 1 7 ) 
A 
1 2 X 2 0 ( X 2 0 } X L ' 
THE VALUE OF A DETERMINES THE FORM OF THE LAW. I F A = 0 , THE 
EQUATIONS REDUCE TO EQUATIONS ( 4 ) WITH K^ N = K^ N X N N AND K N „ = K N N X _ 
^ ^ 2 1 2 1 1 0 1 2 1 2 20 
AND THUS D E P I C T LANCHESTER ? S SQUARE LAW. I F A = 1 , THE EQUATIONS REDUCE 
TO EQUATIONS ( 2 ) WITH K ^ = AND K ^ 2 = K ^ 2 AND THUS D E P I C T LANCHESTER'S 
L I N E A R LAW. FOR INTERMEDIATE VALUES OF A THE EQUATIONS REPRESENT A CON­
D I T I O N WHICH I S N E I T H E R REPRESENTAT IVE OF THE L I N E A R LAW NOR THE SQUARE 
LAW BUT MAY BE INTERMEDIATE TO A PURE C A S E . ' FOR EXAMPLE, I F A BATTLE 
CONSISTED OF MANY SMALL ENGAGEMENTS AND I F SOME ENGAGEMENTS S A T I S F I E D 
THE REQUIREMENTS OF THE L I N E A R LAW WHILE OTHERS S A T I S F I E D THE R E Q U I R E ­
MENTS OF THE SQUARE LAW, THEN C O L L E C T I V E L Y THE BATTLE SHOULD S A T I S F Y AN 
INTERMEDIATE CONDITION AND AN OPTIMUM VALUE OF A BETWEEN A = 0 AND A = 1 
SHOULD BEST REPRESENT THE OVERALL B A T T L E . FOR VALUES OF A > 1 , THE 
EQUATIONS D E P I C T THE S I T U A T I O N D E S C R I B E D BY PETERSON ( 4 8 ) AND W E I S S 
( 5 9 ) . PETERSON R E F E R S TO I T AS THE " L O G A R I T H M I C LAW. " I N T H I S S I T U A ­
T I O N A S I D E ' S LOSS I N C R E A S E S WITH THE FORCE COMMITTED. PETERSON S U G ­
GESTS THAT T H I S MAY BE DUE TO THE FACT THAT THE V U L N E R A B I L I T Y OF A FORCE 
AS A TARGET I N C R E A S E S D I R E C T L Y WITH THE FORCE COMMITTED BUT THAT T H E I R 
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ef fect iveness in del ivering firepower increases at a somewhat lesser 
ra te . 
A simple flow diagram of the generalized model i s shown in 
Figure 8. 
Figure 8. Flow Diagram for Simple Homogeneous Model 
I t should be noticed that the flow diagram for th is model d i f f ers from 
the flow diagram for Weiss' Tact ica l Model shown in Figure 2 . Since we 
are considering a homogeneity of forces , the blocks for x . and x have 
been el iminated. A 
A solution to Equations (17) with time eliminated i s 
1-a 
(x 2 _ a - x 2 " a ) - 2 l X l ° (x 2 _ a -x 2 _ a ) (18) 1 Q x1 ) - - 1 _ a ( x 2 Q x 2 ) . (18) 
K 1 2 X 2 0 
This equation may be rearranged to give 
K 2 1 u , X l ° 




1 " ( x l / x i 0 } 
A ( x l 9 x 2 ) = — ^ H - a * ( 2 0 ) 1 - ( x 2 / x 2 Q ) 
Equation (20) i s not defined at t = 0, when x n = x__ and x 0 = x._. 
^ 1 10 I Z\J 
From Equation (20) i t can be seen that A(x^ ,x 2 ) i s equal to the 
ra t io of the fractional depletion of the fighting strength of the two 
s ides . If A(x^ ,x 2 ) i s less than one, the fighting strength on the "ODD" 
side has been depleted to a lesser extent than the fighting strength on 
the "EVEN" side and "ODD" has the advantage, or, more completely 
expressed, i f 
< 1, ODD has the advantage* 
A(x^ ,x 2 ) = 1, the two sides are equal. 
> 1 , EVEN has the advantage. 
The expression A ( x ^ , x 2 ) , or an estimate of i t , w i l l be used throughout 
this study to indicate re la t ive advantage. 
Helmbold defines an expression similar to Equation (20) appl i­
cable to Lanchester's square law with x^ and x 2 replaced with x̂ _̂  and 
x^,_. x n ,_ and x ^ are the terminal value of x., and x^, respect ively . 
2f - I f 2f 1 2 v J 
Thus , 
1 - (x /x ) 
, A ( x i f - X 2 f ) = ( , 1 ,2-a ( 2 1 ) 
1 " ( * 2 f / x 2 0 ) 
2-a 
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i s defined as the advantage parameter of the generalized form of Lan­
chester' s law. I t i s obvious that x - | _ f / x i o a n c ^ x 2 f ^ X 2 0 r e P r e s e n ' t : "the 
ra t io of the terminal strength to the i n i t i a l strength for the two 
s i d e s 9 respect ive ly . In the case of Lanchester's l inear law, where 
a = 1 , Equation (21) i s merely the r a t i o of the per cent a t t r i t i o n of 
the two opposing sides at the termination of the c o n f l i c t . I t i s 
worthwhile to note that i f A(x^,x^) i s greater than unity , "EVEN'S" 
per cent a t t r i t i o n i s l e s s than "ODD" and vice versa. For a l l values 
of d, the advantage parameter as represented by Equation (22) i s a 
measure of the re la t ive advantage of the two opposing s ides . I t i s 
obvious that i f ,the b a t t l e i s fought to the annihilat ion of one s ide , 
the winner would be determined by the magnitude of A(x^9x^). With 
A ( x - ^ , x 2 ^ ) l e ss than unity "ODD" would always be the winner; and i f 
A ( x l f , x 2 f ) were greater than unity , then "EVEN" would be the winner. 
I f the logarithm i s taken of both sides of Equation ( 1 9 ) , we 
have 
log ( K 2 1 / K 1 2 ) = log A + log ( x 1 0 / x 2 0 ) . - (22) 
This equation suggests that perhaps an estimate of log (^-^/K ) m a ^ 
be obtained through a regression analysis of h i s tor i c data on the 
i n i t i a l strength and the eventual outcome of b a t t l e s . More s p e c i f i ­
c a l l y , a regression analysis w i l l be performed to f i t Bodart's data 
to an equation of the form 
log ( K 2 1 / K 1 2 ) = C 1 + C 2 log ( x 1 0 / x 2 o ) - ( 2 3 ) 
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The above expression may then be substituted into Equation (22) and 
the following equations re su l t : 
log A = C x + ( C 2 - 1) log ( x 1 0 / x 2 Q ) , (24) 
or 
A = l o g " 1 [ C 1 + ( C 2 - 1) log ( x 1 0 / x 2 Q ) ] . (25) 
Furthermore, byv allowing a to take on a range of values and 
observing the effect on the model, i t should be possible to determine 
whether Lanchester's l inear law, Lanchester's square law, or some 
other exponential re lat ion i s a better model for the study of combat. 
Obviously, other factors influence the outcome of mi l i tary 
engagements besides the i n i t i a l strength of . the combatants on each 
s ide . However, many of these factors are interdependent upon i n i t i a l 
strength and a function re lat ing i n i t i a l strength of the combatants : 
to the probabi l i ty of success of a given side would indeed be taking 
many of these factors into considerat ion. . 
One of these factors that the author fee l s should be treated 
separately , however, i s the determination of which side i s the aggressor 
or attacker in the engagement. The defender in many instances has the 
advantage of prepared f o r t i f i c a t i o n s , support of the populace ( u s u a l l y ) , 
morale i n s t i l l e d by the w i l l of a l l species to defend i t s own and as a 
rule a much simpler l o g i s t i c problem to contend with. The attacker, on 
the other hand, may have the advantage of surprise on his side which 
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can at times even outweigh vast superiority of numbers as well as the 
items mentioned above. 
C lass i f i ca t ion of Mil i tary Engagements 
The d e s i r a b i l i t y of categorizing mi l i tary combat s i tuat ions into 
well-defined and eas i ly recognizable c lasses has been expressed by many 
researchers. By c lass i fy ing combat s i tuat ions into spec i f i c groups with 
s imilar charac ter i s t i c s , i t should be possible to develop simple models 
which more nearly depict the outcome of the engagement than would be 
possible i f one were to develop models applicable to the general combat 
s i tuat ion . Weiss has expressed the d e s i r a b i l i t y of c lass i fy ing or 
dividing bat t les by bat t l e s ize while Helmbold and others have sug­
gested a div is ion by "bitterness" or per cent a t t r i t i o n . In an analysis 
of U. S. C i v i l War ba t t l e s , Weiss observed that ba t t l e s involving more 
than two divis ions (30 ,000 men) appeared to have di f ferent character­
i s t i c s than smaller b a t t l e s , and Willard in an analysis of Bodart's 
ba t t l e data observed that 40 per cent of a l l ba t t l e s were terminated 
before ei ther side suffered 10 per cent casua l t i e s . Taking these facts 
into consideration the author decided to c l a s s i f y the data used in this 
study in a 3 x 3 c l a s s i f i c a t i o n result ing in nine mutually exclusive 
categories . 
Battle s ize was f i r s t considered. An analysis of Bodart's b a t t l e 
data was performed to determine the d is tr ibut ion of reported ba t t l e s by 
b a t t l e s i z e . Battle s ize was defined as the t o t a l number of combatants 
engaged in a spec i f i c b a t t l e . A s t a t i s t i c a l analysis revealed that 
these data followed the exponential d is tr ibut ion: 
f ( x ) = Xe 
with X = 0.25 and x equal to the .number of combatants ( in thousands) 
engaged in the b a t t l e . The observed dis tr ibut ion of bat t l e s by s ize 
2 
and the theoret ica l d i s tr ibut ion along with a x analysis of goodness 
of f i t i s given in Table 6 . Figure 9 a lso depicts the closeness of 
f i t of th is function to Bodart's data. 
Table 6 . x Goodness of Fit Analysis for f ( x ) = Xe ; X = 0 . 0 2 5 
Total Force B A T T L E S 
Committed Observed Theoretical (0 - T) 
(Thousands) Frequency Frequency T 
10-30 389 397 0 . 16 
30 .1 -50 247 240 0 . 20 
50 .1 -70 139 146 0 . 34 
70 .1 -90 87 89 0 . 04 
90 .1 -110 50 53 0 . 17 
110 .1 -130 35 33 0 . 12 
130 .1 -150 26 20 1 . 80 
150 .1-170 14 12 0 . 33 
170 .1-190 11 7 2 . 29 
190 .1-210 6 4 1. 00 
210 .1-250 2 5 1 . 80 
2 v ( 0 - T ) 2 n 
X = I T = 8 
i = l 
.25 8.25 < *?05;10 = 1 8 ' 3 1 
Therefore, accept the hypothesis that 
f ( x ) = 0 .025e~° 
.025x 
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F I G U R E 9 . FREQUENCY OF BATTLES AS A FUNCTION OF TOTAL FORCE COMMITTED 
BASED UPON T H I S A N A L Y S I S OF BATTLE S I Z E AND THE RESULTS OF 
W E I S S ' C I V I L WAR STUDY, THE BATTLES WERE F I R S T D I V I D E D ACCORDING TO THOSE 
BATTLES INVOLVING L E S S THAN TWO D I V I S I O N S ( 3 0 , 0 0 0 M E N ) , FROM TWO TO F I V E 
D I V I S I O N ( 3 0 , 0 0 1 TO 7 5 , 0 0 0 M E N ) , AND GREATER THAN F I V E D I V I S I O N S . EACH 
3 0 0 
200 
1 0 0 
7 0 -
5 0 
3 0 4 
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of these three broad categories was then divided into three subcategories 
by "bitterness" or per cent casualt ies suffered: ( 1 ) both sides su f f er ­
ing 10 per cent or l e s s casua l t i e s , (2 ) one side having 10 per cent or 
l e ss casualt ies with the other side having greater than 10 per cent and 
(3 ) both sides suffering greater than 10 per cent casua l t i e s . 
The resu l t s of th i s c l a s s i f i c a t i o n are shown in Table 7 , where 
X l m , X 2 m a r e ^ e m e c ^ a n strengths of the winner and l o s e r , r e s p e c t i v e l y , 
while x ,xOT and x ,x O T represent the upper and lower quart i les , 1U zU I L J ZLI 
respect ive ly . S imi lar ly , R -LM ' ^ 2 M represent the median per cent casual­
t i e s while R ,R and R ,R T represent the upper and lower q u a r t i l e s , 
_LU 2u -LJ_i 2L> 
respect ive ly . 
Separate regression analysis w i l l be performed on each of the 
nine categories as wel l as on the ba t t l e s considered as a s ingle c lass 
or category, i . e . , a l l ba t t l e s combined. 
Three basic models w i l l be considered for th i s study. A l l three 
of these models w i l l use ACx^jX^) as the basis for the model. The d i f ­
ference between the models w i l l simply be in the manner that the i n i t i a l 
sides "ODD" and "EVEN" are defined. In the "control model," "ODD" i s 
defined as the side winning the engagement. In the "Ini t ia l -Force 
Model," "ODD" is defined as the side i n i t i a l l y having the numerically 
superior force; and in the Attacker-Defender Model, "ODD" i s defined 
as the side determined to be the aggressor. 
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Table 7 . Summary of Battle Prof i les 
R. . < 0 . 1 
R. < 0 . 1 
l 
R. > 0 . 1 
: 










Cat 11 N = 111 Cat 12 N = 61 Cat 13 N = 62 
W L W L W L 
x i u = 7 0 K 
x 1 M =52K 
x. =41K 
x 2 U = 7 3 K 
X 2 M = 5 2 K 
x 2 L = 4 1 K 
x l u = 8 1 K 
x 1 M =65K 
x =50K _LJ_i 
x 2 U =70K 
x 2 L = 3 0 K 
x =118K 
X , M = 7 1 K 
1M 
x = 50K 
ILi 
x1[]=90K 
x 2 H =61K 
x 2 L = 4 0 K 
R 1 L [ =0.060 
R . X =0.040 1M 
R. =0.020 
ILi 
R 2 U = 0 . 0 7 8 
R 2 M = 0 o 0 5 0 
R 0 =0.033 
Z L l 





R 2 U = 0 . 2 2 2 
R 2 M = 0 . 1 4 3 
R 2 L = 0 . 1 0 8 
R =0.227 
R =0.158 1M 
R =0 .121 
ILi 
R 2 U = 0 . 2 7 7 
R 2 M = 0 . 2 0 0 













Cat 21 N = 174 Cat 22 N = 146 Cat 23 N = 82 
W L W L W L 
x l u = 3 2 K 
1M 
x =20K 
x 2 U =31K 
X 2 M = 2 2 K 
x 2 L =17K 
x i u = 3 3 K 
x 1 M =28K 
x =22K ILi 
x 2 U =23K 
X 2 M = 1 7 K 
x 2 L = H K 
X 1 M = 2 5 K 
x u = 2 0 K 
x 1 [ J =30K 
x 2 M =21K 
x 2 L =15K 
R 1 L [ =0 .05 3 




R 2 U = 0 . 0 8 3 
R =0 .054 
2M 
R 0 =0.035 
Z J-i 
R 1 U = 0 . 0 8 8 
R =0.060 
1M 
R. =0.036 _L J—i 
R 2 U = 0 . 2 5 0 
R 2 M = 0 . 1 6 7 






R 2 U = 0 . 3 3 3 
R 2 M = 0 . 2 3 5 
R 2 L = 0 . 1 8 2 
5 1 
TABLE 7 . SUMMARY OF BATTLE P R O F I L E S (CONTINUED) 
R . . < 
I » : -
0 . 1 
R L 1 °'1 
R . > 0 . 1 
: 
R . . > 0 . 1 
CAT 3 1 N = 1 1 2 CAT 3 2 N = 2 2 6 CAT 3 3 N = 1 0 7 
W L W L W L 
O
K 
xiu=15K X 2 U = 1 2 K X L U = 1 4 K X 2 ( J = 1 0 K X L U = 1 2 K X 2 U = 1 2 K 
V | 
X 1 M = H K * 2 M = 9 K 








* 1 L = 6 K 
X 2 L = 6 K X 1 L = 6K X 2 L = W X , = 5.5K 
ILi 
X 2 L = 5 K 
R 1 U = 0 . 0 6 3 R 2 U = 0 . 0 8 4 R 1 U = 0 . 0 8 3 R 2 U = 0 . 3 W R L U = 0 . 2 1 4 R 2 U = 0 . 3 5 0 
R . . = 0 . 0 3 6 
1M 
R = 0 . 0 7 0 
2M 
R N . = 0 . 0 5 3 1M 
R 2 M = 0 . 1 8 6 R 1 M = 0 . 1 5 8 1M 
R 2 M = 0 . 2 5 0 
R . = 0 . 0 2 0 
1 L 
R „ = 0 . 0 5 0 
2 L 
R . = 0 . 0 3 2 
1 L 
R 2 L = 0 . 1 3 3 R = 0 . 1 2 5 
ILi 
R 2 L = 0 . 1 6 7 
EXPERIMENTAL PROCEDURE. 
COMPUTER PROGRAM 
DUE TO THE MAGNITUDE OF THE I N V E S T I G A T I O N , I T WAS NECESSARY TO 
PERFORM MANY OF THE COMPUTATIONS, AS WELL AS C E R T A I N ANALYSES WITH THE 
A I D OF A COMPUTER. THE I B M 7 0 9 4 AND THE CDC 3 6 0 0 WERE S E L E C T E D FOR T H I S 
WORK DUE TO T H E I R A V A I L A B I L I T Y TO THE AUTHOR. LANCHESTER 'S EQUATIONS 
WERE TRANSLATED INTO FORMS S U I T A B L E FOR THE TYPE ANALYSES PERFORMED. 
THE R E G R E S S I O N ANALYSES, AS WELL AS C E R T A I N OF THE S T A T I S T I C A L TESTS 
DOCUMENTATION OF THE PROGRAM WHICH INCLUDES A FLOW CHART, AS 
WELL AS A COPY OF THE PROGRAM DECK USED FOR THE REGRESSION ANALYSES, MAY 
BE HAD UPON REQUEST. THE DATA DECK I S ALSO A V A I L A B L E . 
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were performed on the computer. While the computer program was kept as 
simple as poss ible to conserve computer t ime, caution was exercised to 
insure that this operation would in no way infringe upon the correctness 
of the t e s t s . • 
The Advantage Parameter 
With the casualty data known at the end of the mi l i tary engage­
ment, an e x p l i c i t expression can be computed for the advantage parameter 
A C x ^ j X ^ ) in accordance with def ini t ion ( 2 1 ) , 
1 - (X / X ) 
A(x x ) = ± r ± U 9 n , (21) 
I f 2f - i t / N2-CX 1 - ( x 2 f / x 2 Q ) 
where x ^ and x ^ represent the remaining numerical strength for "ODD" 
and "EVEN," respect ive ly , at the end of the bat t l e for which suf f i c i ent 
data i s obtainable. The app l i cab i l i ty of Lanchester's square law, Lan­
chester' s l inear law or some other exponential law, can then be ascer­
tained by studying the e f fec t s on the model of varying the exponent a. 
Wil lard (61) conducted an invest igat ion of the casualty s t a t i s ­
t i c s for a large portion of the data used in th i s report which were 
reported as fo l lows: 
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Table 8. His tor ica l Incident of Casualty Ratios 





of Batt les 
*c 
than R 
0.05 0, .13 
0.075 0, .25 
0.100 0, .41 
0.125 0, .50 
0.200 0, .73 
0.250 0, .82 
0 .333 0, .90 
0.500 0. .98 
I t should be noted that 50 per cent of a l l bat t l e s are decided before 
e i ther side loses more than 12 .5 per cent of i t s t o t a l force . As was 
previously explained, the side possessing the advantage would always 
agree with the winning side for those bat t l e s where one side f ights to 
annihi lat ion. 
Willard performed an analysis of these data by making use of the 
s tochast ic model proposed by Brown ( 1 1 ) . In th i s ana lys i s , Wil lard was 
able to correct ly estimate the winner of the engagement in approximately 
77 per cent of the b a t t l e s . Both the i n i t i a l strength and the casualty 
data were used as inputs to the model. Wi l lard , however, was unable to 
"See Willard ( 6 1 ) , p. 18. 
Casualties 




repeat these resul ts when he used the advantage parameter on these same 
data,, Both Snow (53) and Wil lard (61) have shown that the s tochast ic 
form used by Brown converges to the deterministic form represented by 
the advantage parameter. This study w i l l use the advantage parameter 
to val idate the theoret ica l work of Snow and Wil lard as well as to 
determine the value of a most applicable to the study of combat. 
The Control Model 
The i n i t i a l force ra t io for th i s model i s defined to be the r a t i o 
of the i n i t i a l numerical strength of the winning side to the i n i t i a l 
numerical strength of the los ing s i d e , or "ODD" i s defined to be the 
winner of the engagement. A separate b ivar iate regression analysis w i l l 
be conducted for each spec i f i c combat category and for the composite 
data, making ten regression analyses in a l l for each value of a selected. 
The exponent a w i l l be allowed to vary from a = 2 to a = - 1 . 
Equations (23) and (25) w i l l be used to estimate the e f f e c t i v e ­
ness r a t i o and the advantage parameter for the general case as well as 
for the f ive categories . The optimum value of a w i l l be estimated to 
determine the form of Lanchester's law most applicable in each case. 
The I n i t i a l Force Model 
In this model "ODD" is defined to be the numerically superior 
s i d e , i . e . , x-j_(-/X20 > ^ e ident i f i ca t ion ° f "the winning side i s not 
needed in formulating this model. As previously stated in the theory 
sec t ion , the ef fect iveness ra t io ^ 2 1 ^ 1 2 can be estimated by making a 
logarithmic transformation of the variables and then performing a 
b ivar iate regression analysis on the transformed var iab le . This opera-
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t ion y ie lds an analyt ica l re lat ionship between force ra t io and e f f e c ­
t iveness ra t io and Dermits an estimate of the ef fect iveness ra t io to be 
made with only force ra t io known. This estimate can then be substituted 
into Equation (25) to determine the side possessing the advantage. The 
I n i t i a l Force Model depends upon i n i t i a l force data alone to determine 
the side having the re la t ive advantage in a spec i f i c engagement. 
The basic equation for the I n i t i a l Force Model i s 
A = l o g " 1 [ C 1 + ( C 2 - 1) log ( x ^ / x ^ ) ] , 
where and are the regression coef f i c ients of Equation (24) and are 
determined by the regression analyses of Bodart's data. A separate 
analysis i s performed for each spec i f i c combat category and for the 
composite data, making ten regression analyses in a l l for each value of 
a se lected. Each analysis resu l t s in a separate model applicable to the 
combat s i tuat ion under study. The exponent a i s allowed to vary from 
a = 2 to a = - 1 . The value of a i s se lected which tends to optimize the 
model. 
The Attacker-Defender Model 
The Attacker-Defender Model was the l a s t model to be invest igated. 
In th i s model, "ODD" i s defined as the side determined to be the aggres­
sor. I t i s rea l ized that the designation of a side as an aggressor i s 
d i f f i c u l t , i f not impossible , in many cases , due to poor reporting of 
f a c t , at tack, counter-attack, counter-counter-attack, and so forth . 
However, as was pointed out in Chapter I I , the side f ight ing on i t s home 
s o i l , or c loses t to i t s home s o i l was defined to be the defender. This 
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rule was followed consis tent ly throughout these data. 
To incorporate the datum as to which side was the aggressor into 
the model, i t was decided to ident i fy "ODD" to always be the aggressor 
or attacker in the s i tuat ion . The model for the Attacker-Defender s i t u ­
ation thus becomes 
A = l o g " 1 [ C 1 + ( C 2 - 1) log ( x 1 0 / x 2 0 ) ] . 
The regression coef f ic ients and are determined by the regression 
analyses of Bodart's ba t t l e data. A separate analysis i s performed for 
each spec i f i c combat category and for the composite data, making ten 
regression analyses in a l l for each value of the exponent a se lec ted . 
Each analysis resulted in a separate model applicable to the combat 
condition under study and to the form of the law determined by the 
exponent a. The exponent a was allowed to vary from a = 2 to a = - 1 , 
and a study of the resu l t s was made to determine which value of a 
optimized the model. 
S t a b i l i t y of the Models with Time 
I f the models developed in th i s study are to be of any use as 
estimators of e f fect iveness r a t i o and advantage, we must show the ir 
s t a b i l i t y with time or how they can be expected to change with time. 
Since a l l models are based upon bivariate regress ions , i t becomes 
necessary to show the s t a b i l i t y or trend to variat ion of the regression 
coe f f i c i ent s with time. This w i l l be done by both a graphical analysis 
and by s p l i t t i n g the sample to consider discrete time periods and by 
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analyzing the change in the coef f i c ients over these periods of time. I t 
i s shown in the next chapter and in Appendix A that a version of the t 
tes t can be used to compare the coef f ic ients and to determine i f the ir 
variat ion i s s igni f icant with time. 
Sens i t iv i ty Analysis 
To determine the s e n s i t i v i t y of the models to the form of the law 
used (square or l inear law) , the d i f f e r e n t i a l equations w i l l be solved 
and surviving forces p lot ted with respect to time for several of the pre­
va i l ing categories in the categorized data. Values of the ef fect iveness 
coef f ic ients w i l l be computed or estimated and allowed to vary over a 
range of values typ ica l of category of combat being studied. 
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CHAPTER IV 
i ( i \2~a 1 " (xlf/x10} A(xlf'X2f} = • , , ,2-a ' ( 2 1 ) 1 - ( x 2 f / x 2 Q ) 
was computed for each of the 1,081 battles contained in the sample of 
Bodart's battle data which was used in this study. The numerical 
ESTIMATION OF EFFECTIVENESS 
RATIOS AND ADVANTAGE PARAMETER 
An empirical relationship will be developed between the effec­
tiveness ratio of the generalized homogeneous model developed in the 
preceding chapter and the initial force ratio of the two opposing sides. 
It will also be shown that the advantage parameter used in the deter­
ministic models, which are developed in this study, yields results 
which support the stochastic analysis conducted by Willard. Willard, 
in his study, used Brown's probabilistic model as a basis for predicting 
the winner of the engagement. A comparison of the results obtained for 
different values of the exponent a will be performed, and a determina­
tion will be made as to the best value of a to be used in a given model. 
The Advantage Parameter 
The advantage parameter, A(xlfj X2f ̂ 5 a s ^ef^-ned by Equation (21) 
in the previous chapter, 
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strength of each s ide , both at the beginning and at the termination of 
the engagement, was taken d irec t ly from Bodart's data and was used in 
the computation of A ( x ^ , x ^ ) . A(x^,x^) was then employed to e s t i ­
mate the side possessing the advantage in the engagement. The side 
possessing the advantage was then compared with the actual winner of 
the engagement, and the percentage of agreement was computed. In 
approximately 79 per cent of the bat t l e s s tudied, th is analysis resulted 
in agreement between the side estimated to have the advantage and the 
winner of the b a t t l e . 
In 1962 , Wi l lard , while a member of the Research Analysis Cor­
poration, performed a study of the same data. In a s tochast ic analysis 
of these data, Wil lard u t i l i z e d the probab i l i s t i c model previously 
developed by Brown. In th i s ana lys i s , Willard correct ly predicted the 
outcome of the engagements 76.4 per cent of the time when a = 0 and 77 .8 
per cent of the time for a = 1. These resul ts c lose ly p a r a l l e l those 
obtained through the use of the advantage parameter A ( x ^ , x 2 ^ ) in th i s 
study. I t i s interest ing to note , however, that Brown's stochast ic 
model i s s l i g h t l y more sens i t ive to changes in the exponent a than i s 
the author's advantage parameter. 
The Control Model 
A bivariate regression analysis of Bodart's ba t t l e data was used 
to develop an empirical re lat ionship between the ra t io of i n i t i a l 
strengths of "ODD" and "EVEN," with "ODD defined to be the side winning 
the engagement, and the e f fect iveness r a t i o . Equation ( 2 3 ) , as shown 
below. 
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log ( K 2 1 / K l 2 ) = C x + C 2 log (x 1 0/x 2 Q) (23) 
was used in th is ana lys i s , with values of and C 2 computed to be the 
l eas t squares estimate of the slope and the intercept . The values of 
and C 2 were computed in such a manner that the sum of the squares 
of the deviations of the actual value of log ( ^ ^ / K . ^ ) , a S c o m P u 1 : e d 
from Equations (18) and ( 1 9 ) , about the f i t t e d l ine 
i s a minimum. 
These computations were performed with values of a varying from 
a = 2 to a = - 1 . A few of the resu l t s fo l low. These resu l t s are 
l i s t e d to show how and C 2 change with changes in a. 
For 
log ( K 2 1 / K l 2 ) = C x t C 2 log (x 1 0/x 2 Q) (23) 
a = 2 
0 .303 
and C 2 = 
for a = 1 
C 1 = - 0 . 2 8 3 
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and C 2 = 0 .484 , 
for a = 0 
C = 0 .264 
and C 2 = 0 .524 » 
and for a = -1 
C = - 0 . 2 4 8 
and C 2 = 0 .556 . 
The small change in the regression coef f ic ients and with changes 
in a r e f l e c t a general i n s e n s i t i v i t y to the form of the law. The 
agreement between the side possessing the estimated advantage and the 
winning side was ident ica l (97%) for a l l values of a invest igated. The 
computed regression coef f i c ients for a = 1 resulted in 
log ( K 2 1 / K ) = - 0 . 2 8 3 + 0 .484 log (x^/x^) (26) 
for estimating the ef fect iveness ra t io and 
A = log 1 [ -0 .283 - 0.516 log ( x 1 0 / x 2 0 ) ] (27) 
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for estimating advantage. 
[ 1 ° g ( X 1 0 / X 2 0 ) ' l Q g ( X 1 0 / X 2 0 ) ] 
n n , 
I ( log x / x 2 0 ) . - ( log x 1 0 / x 2 0 ) " 
1=1 
i s 1 - a. The predict ion interval i s more useful in the study of 
The theory behind this prediction interval can be found in most 
s t a t i s t i c s books. See Bowker and Lieberman, Engineering Statistics3 
pp. 254-255 . The theory as applied in this study i s developed in 
Appendix A. 
I t was f e l t that some additional information could be obtained 
by examining the width of the prediction interval about the regression 
l i n e . Lanchester's l inear law, a = 1 , was arb i t rar i l y chosen for this 
invest igat ion. Figure 10 depicts the resu l t s of the regression 
analyses. The dashed l ines about the regression l ines represent the 
50 per cent prediction interval about these regression l i n e s . This d i f ­
fers from confidence l i m i t s , in that confidence l imi ts determine how 
well the mean value or pos i t ion of the regression l ine i s known, while 
the prediction interval determines the probabi l i ty that an individual 
measurement w i l l d i f f e r from the regression l ine by no more than the 
given amount. 
In the prediction interval under consideration, the probabi l i ty 
that some future observation of log (^-^/K ) ^ e in the interval 
o o 
C 1 + C 2 log ( x 1 0 / x 2 0 ) ± ^ ^ ^ S ^ ^ ^ / ^ ^ i ^ g ^ ^ / ^ ^ 
63 
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- 0 . 5 0 .0 0 .5 1.0 
log ( x 1 0 / x 2 Q ) 
_i i_ ^ 1-
0 . 1 0 .3 1.0 3 .2 10 
X 1 0 / X 2 0 
Figure 10 . Results of Regression Analysis on 
the Control Model with a = 1.0 
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combat models than i s the confidence interval about the regression l i n e , 
since an invest igator i s usually more interested in how well the model 
w i l l estimate individual observations. 
The advantage parameter, A, i s a l so plot ted as a function of the 
rat ios of the i n i t i a l strength of the combatants. Fi f ty per cent pre­
dict ion intervals were also computed for the advantage parameter and 
are shown as dashed l ines about the advantage parameter l i n e . The width 
of th i s interval i s a measure of the goodness of f i t of the regression 
l ine to the observed data. I t should be noted that the 50 per cent pre­
dict ion interval about the regression l ine represents an approximate 3 :1 
change in effect iveness r a t i o . For example, the average value of 
^ 2 1 ^ 2 0 a u n l " l : y ra t io of i n i t i a l strength was 0 . 5 2 2 ; however, an 
interval from 0.286 to 0.950 was necessary to include 50 per cent of 
the observed values. 
As previously s ta ted , the advantage parameter i s a measure of 
the r a t i o of depletion of i n i t i a l f ight ing strength of the two opposing 
forces . In the control model the ra t io of i n i t i a l numerical strength 
was formed with the winner always in the numerator. An interest ing 
observation i s that i f the winner of an engagement were not known and 
the force ra t io X ^ ^ / X ^ Q was formed with x^Q ( " O D D " ) se lected at random, 
then Equation (25) with 
C 1 = - 0 . 2 8 3 , 
C 2 = 0 .484 , 
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and a = 1.0 
0.30 < x 1 Q / x 2 0 < 3 .30 
the agreement between advantage and the winning side would be approxi­
mately 50 per cent, or no bet ter than pure chance. This same fact was 
observed by Willard in his s tochast ic analysis of 84 ba t t l e s between 
the Franco-Prussian War of 1870 and the year 1905. In th is ana lys i s , 
he found i t impossible to estimate the winner of a combat on force 
ra t ios alone i f force rat ios were l ess than four to one. 
I n i t i a l Force Model 
In order to circumvent the problem of how to form the i n i t i a l 
force ra t io with the winning side unknown, some fas t rule must be 
establ ished. One such rule for forming the i n i t i a l force rat ios 
would be always to use the largest force as the numerator, forcing 
the ra t io to be equal to or ,greater than unity. This model would 
s t i l l consider only re lat ions between i n i t i a l force rat ios as input 
data. 
would estimate that the winner had the advantage 97 per cent of the 
time for values of x-|_o / / x20 s u c ^ t n a t 
X 1 0 / X 2 0 * ° - 3 ° ° r X 1 0 / X 2 0 » 3 ' 3 3 ' 
but for values of 
6 6 
In the generalized Lanchester-type model as characterized by 
Equation ( 1 7 ) , the only factors necessary in addition to the e f f e c t i v e ­
ness ra t io and the appropriate value of the exponent a are the rat ios 
of i n i t i a l forces . I t w i l l be interest ing to use the b ivar iate analysis 
method on past data to determine the ef fect iveness r a t i o . This model, 
defined as the I n i t i a l Force Model, w i l l then be used to estimate the 
side possessing the advantage in the individual engagements contained in 
Bodart's bat t l e data. Only the i n i t i a l force ra t io from Bodart's data 
w i l l be used as input data to the model. 
Bodart's bat t l e data were used to obtain the bivariate regres­
sion coef f ic ients and shown in Equation ( 2 3 ) . 
log ( K 2 1 / K 1 2 ) = C± + C 2 log ( x 1 Q / x 2 0 ) . (23) 
The rat io x n / > / x ^ was always formed with the superior force as the 10 20 
numerator, i . e . , X - L 0 ^ X 2 0 ~ T ^ e m o c * e - ' -
A = log" 1 [ C 1 + ( C 2 - 1) log ( * 1 0 / * 2 0 ) ] > (25) 
was then used to estimate the side possessing the advantage in each 
engagement. A separate analysis was performed for each of the values 
of a between a - 2 to a = - 1 in steps of 0 . 2 5 . 
The resu l t s of these analyses are depicted by the fol lowing: 
For ; 
a = 2 
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C = - 0 . 0 5 
and C 2 = 0.273 , 
for a = 1 
C = - 0 . 0 5 
and C 2 = 0 .361 
for a = 0 
C = - 0 . 0 5 
and C 2 = 0 .400 
and for a = - 1 
C = - 0 . 0 4 
and C 2 = 0 .440 . 
Again the model was insens i t iv i e to the choice of a. An 
analysis of the widths of the prediction interva l was made for 
a = 1 (Lanchester's l inear law). This analysis indicated that a 
range of e f fect iveness ra t ios of almost 4:1 centered about the 
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O L O G ( K 2 1 / K 1 2 ) 
A EST IMATED ADVANTAGE 
5 0 P E R CENT P R E D I C T I O N INTERVALS 
0 . 0 0 . 2 5 0 . 5 0 . 7 5 1 . 0 
1 ° 8 ( X 1 0 / X 2 0 ) 
1 . 3 . 2 5 . 6 1 0 
X 1 0 / X 2 0 
F I G U R E 1 1 . RESULTS OF REGRESSION A N A L Y S I S ON THE 
I N I T I A L FORCE MODEL WITH A = 1 . 0 
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r e g r e s s i o n l i n e w a s r e q u i r e d t o i n c l u d e 5 0 p e r c e n t o f t h e o b s e r v e d 
d a t a . F i g u r e 1 1 i l l u s t r a t e s t h e r e s u l t s o f t h e r e g r e s s i o n a n a l y s e s 
f o r a = 1 . 
F o r L a n c h e s t e r ' s l i n e a r l a w , t h e i n i t i a l f o r c e m o d e l f o r 
e s t i m a t i n g t h e e f f e c t i v e n e s s r a t i o b e c o m e s 
l o g ( K 2 1 / K 1 2 ) = - 0 . 0 5 + 0 . 3 6 1 l o g ( x 1 0 / x 2 0 ) ( 2 8 ) 
a n d f o r e s t i m a t i n g t h e a d v a n t a g e 
A = l o g " 1 [ - 0 . 0 5 - 0 . 6 3 9 l o g ( x ^ / x ^ ) ] . ( 2 9 ) 
T h e s e m o d e l s a r e i l l u s t r a t e d i n F i g u r e 1 1 . T h e s i d e e s t i m a t e d t o h a v e 
t h e a d v a n t a g e b y t h i s m o d e l , w i t h o n l y i n i t i a l f o r c e r a t i o u s e d a s a n 
i n p u t j a g r e e d w i t h t h e w i n n e r o f t h e e n g a g e m e n t 6 6 . 1 p e r c e n t o f t h e 
t i m e i n c o n t r a s t t o t h e 7 9 p e r c e n t a b i l i t y f o r t h e a d v a n t a g e p a r a m e t e r 
w h i c h e m p l o y e d a c t u a l c a s u a l t y d a t a a s i n p u t s a s w e l l a s i n i t i a l f o r c e 
r a t i o s . 
D u e t o t h e s m a l l n e g a t i v e v a l u e o f t h e r e g r e s s i o n c o e f f i c i e n t 
C ^ , i t w a s d e c i d e d t o e m p l o y a t t e s t t o d e t e r m i n e i f a n y r e a s o n e x i s t s 
t o b e l i e v e t h a t t h i s c o e f f i c i e n t w a s s i g n i f i c a n t l y d i f f e r e n t f r o m z e r o . 
I n A p p e n d i x A , a C h i S q u a r e t e s t w a s u s e d t o d e t e r m i n e i f l o g ( ^ ^ / K ) 
h a d a n o r m a l d i s t r i b u t i o n . T h i s t e s t g a v e n o r e a s o n t o d o u b t t h a t 
l o g ( ^ 2 1 / / ^ 1 2 ^ ^ a S a n o r m a l d i s t r i b u t i o n ; t h e r e f o r e , t h e t t e s t i s t h e 
p r o p e r s t a t i s t i c t o i n v e s t i g a t e t h e r e g r e s s i o n c o e f f i c i e n t C . T h e 
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parameter t was computed as 
'A |B In n 
I (B. - B) 
i = l 
where 
A = log ( K 2 1 / K 1 2 ) , 
B = log ( x 1 0 / x 2 Q ) . 
This parameter has a t d is tr ibut ion with n-2 degrees of freedom. The t 
t e s t resulted in 
t = 1.48 < t n o c = 1.96 .025 ;n 
Therefore, the probabi l i ty that 
c 1 * 0 
i s less than 0 .05 and we can simplify Equations (30) and (31) by 
assuming that 
ci = 0 
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Under th i s assumption, the i n i t i a l force model for estimating the 
ef fect iveness ra t io becomes 
log (K 2 1/K 1 2) = 0 . 3 6 1 log ( x 1 0 / x 2 Q ) , (30) 
and for estimating advantage becomes 
A = log 1 [ -0 .639 log ( x 1 0 / x 2 Q ) ] . (31) 
The fact that the advantage parameter i s equal to unity when 
the log (x / x 2 Q ) = 0 graphically i l l u s t r a t e s that this model estimates 
that the side with the greatest i n i t i a l force w i l l have the advantage. 
This estimation can be deduced from an analysis of the input to the 
model. 
The predict ion interval about the advantage parameter, A ( x ^ , x 2 ) , 
can be used to determine the probabi l i ty of the smaller force having 
the advantage in the engagement. Figure 12 i l l u s t r a t e s an analysis 
based upon Equation (31) and the prediction intervals to determine the 
probabi l i ty of the smaller force possessing the advantage as a function 
of the i n i t i a l force r a t i o . An examination of th i s graph reveals that 
a s i d e , even though outnumbered by a factor of three to one, s t i l l has 
a 25 per cent chance of possessing the advantage. This fact would 
tend to support W i l l a r d ' s . ( 6 1 ) statement that i n i t i a l force alone can 
be a r e l a t i v e l y weak indicator of the outcome of an engagement. I t does 
not , however, j u s t i f y his statement that a model constructed around 
i n i t i a l force alone has l i t t l e or no value. 
Figure 12. Probabil i ty of Smaller 
Side Possessing Advantage 
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Attacker-Defender Model 
and C 2 = 0 .192 , 
As was stated in the preceding chapter, the author contended 
that the defender has a re la t ive advantage in that (a) he i s f ighting 
on his own ground, with which he i s usually more famil iar than the 
attacker, (b) he may in many instances have the advantage of prepared 
f o r t i f i c a t i o n s , (c ) he usually has the support of the loca l c i t izenry 
and (d) he almost invariably has a much simpler l o g i s t i c problem. 
In these times of complex war machinery, l o g i s t i c problems can be quite 
severe and in many instances decide the flow of b a t t l e . 
In order to consider the role of the attacker and the defender 
in the model, "ODD" was defined to be the attacker. 
Bodart's bat t le data were again used to obtain the b ivar iate 
regression coef f i c i ents and shown in Equation (23) and the model 
as exemplified by Equation (25) was then used to estimate the side pos­
sessing the advantage in each engagement. As with the previous models, 
a separate analysis was performed for each of the values of a from 
A = 2 to a = - 1 in steps of 0 . 2 5 . The resul t s of these analyses are 
depicted by the following: 
For 
a = 2 
C = - 0 . 0 0 8 
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for a = 1 
C = - 0 . 0 0 7 
and C 2 = 0 .247 , 
for a = 0 
C = - 0 . 0 0 6 
and C 2 = 0 .304 , 
and for a = - 1 
-C- = - 0 . 0 0 0 
C 2 = 0.349 . 
As with the previous two models the resu l t s were insens i t ive to the 
choice of a. 
Figure 13 i l l u s t r a t e s the resu l t s of the regression analysis 
for a = 1. An analysis of the widths of the predict ion intervals 
indicated that again a range of e f fect iveness ra t ios of almost 4 :1 was 
required to include 50 per cent of the observed values. 
For Lanchester's l inear law, the Attacker-Defender model for 
estimating the ef fect iveness ra t io becomes 
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Figure 13 . Results of Regression Analysis on the 
Attacker-Defender Model with a = 1 . 0 
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log ( K 2 1 / K 1 2 ) = - 0 . 0 0 7 + 0 .247 log (^1Q/^2Q) > (32) 
and for estimating the advantage becomes 
A = log 1 [ -0 .007 - 0 .753 log (\Q/^20^ • (33) 
Again due to the small negative value of the regression c o e f f i ­
cient C^ s a t t e s t was employed to determine i f th i s coef f ic ient was 
s ign i f i cant ly dif ferent from zero. The resul ts of the t t e s t were 
t .= 0 .42 < t . n o _ = 1.96 . 0 .025 ;n 
This t e s t indicates that there i s no reason to bel ieve that i s dif­
ferent from zero and the attacker-defender model estimating the effec­
tiveness ra t io becomes 
log ( K 2 1 / K 1 2 ) = 0.247 log ( x 1 0 / x 2 ( ) ) , (34) 
where "ODD" i s defined to be the attacker. The attacker-defender model 
for estimating advantage becomes 
A = log 1 [ -0 .753 log ( x 1 Q / x 2 Q ) ] . (35) 
Figure 13 graphically i l l u s t r a t e s both the model estimating the e f f e c ­
t iveness ra t io and the model estimating the advantage, as exemplified 
in Equations (34) and ( 3 5 ) . 
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T h e p e r c e n t a g e a g r e e m e n t b e t w e e n t h e s i d e e s t i m a t e d t o h a v e t h e 
a d v a n t a g e a n d t h e w i n n e r o f t h e e n g a g e m e n t w a s t h e s a m e a s t h a t o b ­
t a i n e d b y t h e I n i t i a l F o r c e m o d e l . T h e r e a p p e a r e d t o b e n o a d v a n t a g e 
i n i d e n t i f y i n g t h e a g g r e s s o r . 
G e n e r a l C o m m e n t s 
T h e a d v a n t a g e p a r a m e t e r , A(x^,x^^) u s i n g b o t h i n i t i a l a n d f i n a l 
s t r e n g t h d a t a w a s c o m p u t e d f o r a l l b a t t l e s s t u d i e d . T h e s i d e p o s s e s s i n g 
t h e a d v a n t a g e w a s c o m p a r e d t o t h e a c t u a l w i n n e r o f t h e e n g a g e m e n t r e s u l t ­
i n g i n a n a g r e e m e n t o f 79 p e r c e n t . T h e s e r e s u l t s a r e i n a g r e e m e n t w i t h 
a n analysis o f t h e same d a t a performed b y Willard i n 1962. Willard, 
h o w e v e r , u s e d a s t o c h a s t i c m o d e l d e v e l o p e d b y B r o w n . 
A l l t h r e e o f t h e m o d e l s u s e d w e r e i n s e n s i t i v e t o t h e c h o i c e o f a 
( f o r m o f L a n c h e s t e r 1 s l a w u s e d ) . W i t h i n i t i a l s t r e n g t h o n l y u s e d a s 
i n p u t s , a n a g r e e m e n t o f 6 6 p e r c e n t b e t w e e n t h e s i d e e s t i m a t e d t o h a v e 
t h e a d v a n t a g e a n d t h e w i n n e r o f t h e e n g a g e m e n t w a s o b t a i n e d . T h e c o n ­
t r o l m o d e l r e s u l t e d i n a l m o s t p e r f e c t a g r e e m e n t b e t w e e n t h e s i d e 
e s t i m a t e d t o h a v e t h e a d v a n t a g e a n d t h e w i n n i n g s i d e . H o w e v e r , i f t h e 
w i n n i n g s i d e w e r e u n k n o w n p r i o r t o f o r m i n g t h e f o r c e r a t i o , t h e m o d e l 
i s a m b i g u o u s f o r f o r c e r a t i o s 
0 . 3 0 < x 1 0/x 2 ( ) < 3 . 3 0 . 
T h e I n i t i a l F o r c e M o d e l a n d t h e A t t a c k e r - D e f e n d e r M o d e l p r o ­
d u c e d a l m o s t i d e n t i c a l r e s u l t s . T h e r e a p p e a r e d t o b e n o a d v a n t a g e i n 
i d e n t i f y i n g t h e a g g r e s s o r . 
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CHAPTER V 
ANALYSIS OF CATEGORIZED COMBAT SITUATIONS 
Many researchers have objected to equations of combat which treat 
mi l i tary engagements as an en t i ty . In the chapter of th is study dealing 
with t e s t procedure, the author defined nine categories or c lasses of 
combat based upon the i n i t i a l numerical strengths and the per cent 
casualt ies of the two opposing s ides . This chapter w i l l analyze these 
nine c lasses of combat to determine the form of Lanchester's law (value 
of a in the generalized Lanchester-type equations) which i s most 
applicable to each of the nine c lasses . The bivariate regression 
analysis used to analyze the composite Bodart bat t le data and to 
develop the models for estimating ef fect iveness ra t io and advantage 
w i l l be used to analyze the categorized data. (The Attacker-Defender 
model w i l l not be used since the resu l t s of the preceding chapter 
indicated no difference ex i s t s between i t and the I n i t i a l Force model.) 
Separate analyses w i l l be conducted for values of a from a = 2 to 
a = -1 for each of the nine classes to determine the value of a most 
representative of the c lass under study. 
In addit ion, the estimated ef fect iveness ra t io and advantage w i l l 
be computed for each ba t t l e in a c lass using the value of a determined 
to be most representative of the c lass under study. The agreement 




Category 1 1 , as defined in Chapter I I I , i s that c lass of mi l i tary 
engagements involving more than 75,000 t o t a l combatants and with the 
bat t le terminating before e i ther side suffers casualt ies exceeding 10 
per cent of i t s i n i t i a l force . 
As was the case with the analyses of the uncategorized data, the 
regression coef f ic ients did not change appreciably with changes in a. 
The following regression coef f ic ient resulted with a = 1 , Lanchester's 
l inear law: , 
C = 0 .034 
and C 2 = 0 .374 . 
These coef f ic ients give 
log ( K 2 1 / K 1 2 ) = 0.034 + 0 .374 log (x1Q/x2Q) (36) 
as the I n i t i a l Force Model for estimating the effect iveness r a t i o , and 
A = l o g " 1 [ 0 . 0 3 4 - 0.626 log ( x 1 ( ) / x •)] (37) 
as the I n i t i a l Force Model for estimating advantage. This model i s 
graphically i l l u s t r a t e d in Figure 14 . 
The side estimated to have the advantage agreed with the winning 
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Figure 14 . Results of Regression Analysis on I n i t i a l 
Force Model for Category 11 
81 
chance. This indicates that for th i s c lass of conf l i c t a model based 
upon i n i t i a l strength alone i s a poor indicator or estimator of e f f ec ­
t iveness rat io and advantage. 
Category 12 
Category 12 i s defined as that c lass of mi l i tary engagements 
involving more than 75,000 combatants and with one side suffering 
casualt ies exceeding 10 per cent , while the other s ide ' s casualt ies 
are l e s s than or equal to 10 per cent. 
The resul ts of the regression analyses indicate no appreciable 
change in regression coefficients with changes In a. The following 
regression coef f ic ients resulted with a •= 1 , Lanchester's l inear law: 
C = - 0 . 2 2 1 
and C 2 = 0.518 . 
These coef f ic ients give 
log (K 2 1/K i 2) = - 0 . 2 2 1 + 0.518 log ^ 1 Q / ^ 2 Q ) (38) 
as the I n i t i a l Force Model for estimating the ef fect iveness r a t i o , and 
A = l o g " 1 [ - 0 . 2 2 1 - 0 .482 log ( * 1 0 / x 2 0 ) ] (39) 
as the I n i t i a l Force Model for estimating advantage. This model i s 
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graphically i l l u s t r a t e d in Figure 15 . 
and C 2 = 0 .725 
The side estimated to have the advantage agreed with the winning 
side 70 per cent of the time indicating that for th i s c lass of conf l i c t s 
the model exemplified by Equations (39) i s a r e l a t i v e l y good estimator 
of advantage for th i s category of combat. 
The negative value for indicates that in general the side 
having the larger i n i t i a l force a lso has the highest unit e f fect iveness 
for force rat ios of l e s s than 2 . 7 : 1 . For larger force rat ios the smaller 
force would have the higher unit e f fect iveness r a t i o . Weiss in a study 
of U. S. C iv i l War bat t l e s suggests that for large conf l i c t s the overal l 
force ef fect iveness does not increase as fa s t as the increase in force . 
These resul ts appear to be in conf l i c t with Weiss for ra t ios l e ss than 
2 c 7 : l 0 
Category 13 
Category 13 i s defined as that c lass of mi l i tary engagements 
involving more than 75,000 combatants and with both sides suffering 
casualt ies exceeding 10 per cent of the ir i n i t i a l force . 
Again the resu l t s of the regression analyses indicate no 
appreciable change in regression coef f ic ients with changes in a. The 
following regression coef f i c ients resulted with a = 1 , Lanchester's 
l inear law: 
C = - 0 . 0 5 1 
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Figure 1 5 . Results of Regression Analysis on I n i t i a l 
Force Model,for Category 12 
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Figure 16 . Results of Regression Analysis on I n i t i a l 
Force Model for Category 13 
85 
These coef f i c ients give 
log (K 2 1/K 1 2) = - 0 . 0 5 1 + 8.725 log ^ 1 Q / ^ 2 Q ) (40) 
as the I n i t i a l Force Model for estimating the ef fect iveness r a t i o , and 
A = log" 1 [ - 0 . 0 5 1 - 0 .275 log ( x ^ / x ^ ) ] (41) 
as the I n i t i a l Force Model for estimating advantage. This model i s 
graphically i l l u s t r a t e d in Figure 16. 
The side estimated to have the advantage agreed with the winning 
side in 69 per cent of the 62 bat t les invest igated. 
Category 21 
Category 21 is defined as that c lass of mi l i tary engagement 
involving from two to f ive divis ions (30 ,000 to 75,000 combatants) and 
with the b a t t l e terminating before e i ther side suffers casualt ies 
exceeding 10 per cent of i t s i n i t i a l force . 
The resu l t s of the regression analyses were insensi t ive to the 
choice of a. The following regression coef f i c ients resulted with a = 1 , 
Lanchester's l inear law: 
C = - 0 . 0 3 1 
and C 2 = 0 .448 
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These coef f ic ients give 
log ( K 2 1 / K 1 2 ) = - 0 . 0 3 1 + 0 .448 log ( x 1 0 / x 2 0 ) (42) 
as the I n i t i a l Force Model for estimating the ef fect iveness r a t i o , and 
A = log 1 [ - 0 . 0 3 1 + 0 .552 log ( x ^ / x ^ ) ] (43) 
as the I n i t i a l Force Model for estimating advantage. This model i s 
graphically i l l u s t r a t e d in Figure 17. 
The side estimated to have the advantage agreed with the winning 
side in 56 per cent of the 174 bat t l e s invest igated or not much bet ter 
than pure chance. 
Category 22 
Category 22 i s defined as that c lass of mi l i tary engagements 
involving between two and f ive divis ions (30 ,000 to 75,000 men) and 
with one side suffering casualt ies exceeding 10 per cent, while the 
other s ide ' s casualt ies are l e ss than or equal to 10 per cent. 
The resu l t s of the regression analysis were insens i t ive to the 
choice of a. The following regression coef f i c i ents resulted with 
a = 1 , Lanchester's l inear law: 
C = - 0 . 1 2 1 
and C 2 = 0.076 • 
o l o g ( K 2 1 / K 1 2 ) 
A Estimated Advantage 
50 per cent Prediction Intervals 
0 .0 0 .25 0 .5 
1 O g ( x i 0 / X 2 0 ) 
i 
0 .75 1.0 
1. 3 .2 5 .6 10 
X 1 0 / X 2 0 
Figure 17 . Results of Regression Analysis on I n i t i a l 
Force Model for Category 21 
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These coef f ic ients give 
log (K 2 1/K 1 2) = - 0 . 1 2 1 + 0.076 log ( x ^ / x ^ ) (44) 
as the I n i t i a l Force Model for estimating ef fect iveness r a t i o , and 
A = log" 1 [ - 0 .121 - 0 .924 log ( x ^ / x ^ ) ] (45) 
as the I n i t i a l Force Model for estimating advantage. This model i s 
i l l u s t r a t e d in Figure 18 . 
The side estimated to have the advantage agreed with the winning 
side in 78 per cent of the engagements investigated. Thus, th i s model ,is 
considered to be a good estimator of advantage. 
Again.the negative value of coupled with the small value of 
C 2 indicates that , in general , the side having the largest i n i t i a l 
force a lso possesses the highest unit e f fec t iveness . This again appears 
to be in conf l i c t with Weiss. 
Category 2 3 
This category is defined as that c lass of mi l i tary engagements 
involving between two and f ive divis ions (30 ,000 to 75,000 men) and 
with both sides suffering casualt ies exceeding 10 per cent of the ir 
i n i t i a l force . 
The resu l t s of the regression analyses were insens i t ive to the 
choice of a. With a = 1 , Lanchester's l inear law, the fol lowing 
regression coef f ic ients were computed: 
o l o g ( K 2 1 / K 1 2 ) 
A Estimated Advantage 
50 per cent Prediction Intervals 
0 .0 0 .25 0 .5 
I ° g ( x i 0 / X 2 0 ) 
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1. 3 .2 5 .6 10 
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Figure 18. Results of Regression Analysis on I n i t i a l 
Force Model for Category 22 
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C = 0.037 
and C 2 = 0 .594 . 
These coef f ic ients give 
log ( K 2 1 / K 1 2 ) = 0 .037 + 0 .594 log (x1Q/x2Q) (46) 
as the I n i t i a l Force Model for estimating the ef fect iveness r a t i o , and 
A = l o g " 1 [ 0 .037 - 0 .406 log ( x ^ / x ^ ) ] (47) 
as the I n i t i a l Force Model for estimating advantage. This model i s 
graphically i l l u s t r a t e d in Figure 19 . 
The side estimated to have the advantage agreed with the winning 
side in 60 per cent of the bat t les studied. 
Category 31 
The category is defined as that c lass of mi l i tary engagements 
involving no more than two divis ions (30,000 men) and with the engage­
ment terminating before e i ther side suffers casualt ies exceeding 10 
per cent of the ir i n i t i a l force . 
The regression analyses were insens i t ive to changes in a and 
Lanchester's l inear law was a r b i t r a r i l y chosen to be representative of 
th i s c lass of combat. The regression coef f ic ients computed for a = 1 
were 
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Figure 19 . Results of Regression Analysis on I n i t i a l 
Force Model for Category 23 
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0 .153 
and 0.862 . 
These regression coef f ic ients give 
log ( K 0 1 / K . 0 ) = - 0 . 1 5 3 + 0.862 log ( x _ n / x o n ) (48) 
as the I n i t i a l Force Model for estimating the effect iveness r a t i o , and 
as the I n i t i a l Force Model for estimating advantage. This model is 
graphically i l l u s t r a t e d in Figure 20 . 
The side estimated to have the advantage agreed with the winning 
side in 65 per cent of the bat t les studied. 
Category 32 
This category i s defined as that class of bat t l e s involving no 
more than two divis ions and with one side suffering casualt ies exceeding 
10 per cent of their i n i t i a l strength while the other s ide ' s casualt ies 
are l e s s than or equal to 10 per cent. 
choice of a. With a = 1 the following regression coef f i c i ents were 
computed: 
A = log" 1 [ -0 .153 - 0.138 log ( x . _ / x o n ) ] (49) 
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Figure 20 . Results of Regression Analysis on I n i t i a l 
Force Model for Category 31 
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Cn = - 0 . 1 7 0 
and 0 .254 
These regression coef f ic ients give 
log ( K 2 1 / K 1 2 ) = - 0 . 1 7 0 + 0 .254 log ( x ^ / x ^ ) (50) 
as the I n i t i a l Force Model for estimating the effect iveness r a t i o , and 
as the I n i t i a l Force Model for estimating advantage. This model i s 
graphically i l l u s t r a t e d in Figure 2 1 . 
As in Categories 12 and 22 the negative value of indicates 
that in general the unit effect iveness of the larger force i s higher 
than the in fer ior force . 
The agreement between the side having estimated advantage and 
the winning side was 70 per cent for th i s category of combat. 
Category 33 
This category i s the f i n a l category in the study and,is defined 
as that c lass of mi l i tary engagements involving no more than two d i v i ­
sions and with both sides suffering casualt ies in excess of 10 per cent. 
The resu l t s of the regression analyses were insens i t ive to the 
choice of a. With a = 1 the computed regression coef f ic ients are 
A = log 1 [ -0 .170 - 0.746 log (x /x ) ] (51) 
o log(K 2 1/K 1 2) 
A Estimated Advantage 
50 per cent Prediction Intervals 
0 .0 
i i I i 
0 .25 0 .5 
1 O g ( X 1 0 / X 2 0 ) 
0 .75 1.0 
J L 
1. 3 .2 5.6 10 
X 1 0 / X 2 0 
Figure 2 1 . Results of Regression Analysis on I n i t i a l 
Force Model for Category 32 
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0.052 
and 0.923 . 
These regression coef f ic ients give 
log (K /K ) = - 0 . 0 5 2 + . 0 . 9 2 3 log ( x _ n / x o n ) (52) 
as the I n i t i a l Force Model for estimating the ef fect iveness r a t i o , and 
as the I n i t i a l Force Model for estimating advantage. This model i s 
graphically i l l u s t r a t e d in Figure 22 . 
The side having estimated advantage agreed with the winning side 
in 53 per cent of the bat t l e s studied or not much bet ter than pure 
chance. 
General Comments 
Regression analyses for a l l categories were insens i t ive to the 
choice of a. 
Table 9 i s a summary of the agreement between the side estimated 
to have advantage and the winning s ide . 
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Table 9. Summary of Agreement for Categorized Data 
CASUALTIES 
Both Sides < 10% 
One 
One 
Side < 10% 




Est . Adv. Cat. 
% Agreement 
Est . Adv. Cat. 
% Agreement 
Est . Adv. 




21 56 22 78 23 60 
< 30,000 3 i ; 65 32 70 33 53 
An examination of th i s summary reveals that c l a s s i f i c a t i o n by b a t t l e 
s i ze shows l i t t l e e f f ec t on the model's a b i l i t y to e f f e c t i v e l y estimate 
advantage. However, there i s a s igni f icant difference in the c l a s s i f i ­
cation by bi t terness of bat t l e or per cent casua l t i e s . The models for 
those categories where one side suffered casualt ies in excess of 10 per 
cent while the other side l ess than or equal to 10 per cent (categories 
12 , 2 2 , and 32) were more e f f i c i e n t than any of the other s ix cate­
gories studied. The side estimated to have the advantage in each of 
these categories agreed with the winning side in at l eas t 70 per cent 
of the ba t t l e s studied. In each of these categories the regression 
coef f i c ient C^ was negative. This would indicate tha t , in general , for 
smaller values of force r a t i o the side with the larger i n i t i a l strength 
also possessed the highest unit ef fect iveness r a t i o . Therefore, one 
would expect the side with the greater i n i t i a l strength to win which i s 
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The resu l t s of the regression analyses conducted in Chapter IV 
and Chapter V were insensi t ive to the choice of a used in the general­
ized form of Lanchester's law. In th is Chapter e x p l i c i t solut ions to 
Lanchester's l inear and square laws w i l l be invest igated for several 
of the categories studied in Chapter V. Median values w i l l be used 
for the i n i t i a l strengths and x̂ q5 but the ef fect iveness c o e f f i ­
c i en t s , and K ^ , w i l l be allowed to vary over a range of values 
typica l of those found in the category of combat being studied. 
To determine the proper range of values for and K ^ , 
Equations ( 2 ' ) were solved using i n i t i a l strength and casualty data 
for a sample of bat t l e s in Categories 2 1 , 32 , and 33 . A value of t, 
equal to one day was used as this value i s shown to be the average 
bat t l e duration for the time period under consideration (see Figure 
5 ) . To simplify computation, approximate solutions for K ^ a n d K^^ were 
obtained by only considering the l inear terms in the exponential expan­
s ion. These approximate solutions are given by 
R 2 X 2 0 
= _2_20_ ( 5 1 + ) 




1 0 , (55) 2 1 X 1 X 2 0 
where and R^ are the fract ional casualt ies suffered by the "ODD" 
and "EVEN" s ides , respect ive ly , or 
and 
X 1 0 X l 
R = 1 0 (56) 
1 X 1 0 
X 2 0 X 2 
R 2 = ~ ' ( 5 7 ) 
1 X 20 
A Fortran program was written for the IBM 1620 computer to com­
pute the solutions to Lanchester's l inear and square laws. A Fortran 
l i s t i n g of this program i s included in Appendix C. K a n d . K ^ were 
programmed to vary in f ive equal steps over the range of values deter­
mined by the sampling of the three categories studied. A solution was 
obtained for values of t from t = 0 to t = 2 in steps of 0 . 1 . 
A tabulation of the resul ts of these computer runs i s given in 
Tables 10 to 12 for t = 1 . 0 . Five typ ica l runs were se lected from each 
of the three categories and are graphically displayed in Figures 2 3 to 
25 . 
An examination of Table 10 and Figure 23 reveals that for Cate­
gory 21 there i s no appreciable change in resul ts between Lanchester's 
l inear law and Lanchester's square law regardless of the values of K 
and ^2i* This category, as with Categories 11 and 3 1 , was defined to 
represent low casualt ies on both sides and, hence, low effect iveness 
—6 
values. The highest value investigated was 3.89 x 10 
Table 10 . Results of Simulation at t = 0 on Category 21 
K 1 2 x 10 
LAW K 2 1 x l 0 6 
1 45 2.06 2 .67 
CO 28 
CO 89 
X l X 2 X l X 2 X l X 2 x l X 2 x l V 
0.95 
L 24 .5 21 .2 24.5 20.9 24 .5 20.6 24 .5 20 .2 24 .5 20 .0 
S 24 .5 21 .2 24 .5 20 .9 24 .5 20.5 24 .5 20 .2 24 .5 20.0 
1.41 
L 24 .2 21 .2 24 .2 20.9 24 .3 20.6 24 .3 20 .3 24 .3 20 .0 
S 24 .2 21 .2 24 .2 20 .9 2 4 . 3 20.6 24 .3 20 .2 24 .3 19 .9 
1.87 
L 24 .0 21 .2 24.0 20.9 24 .0 20 .6 24.0 20 .3 24 .0 20.0 
S 24 .0 21 .2 24 .0 20.9 24 .0 20.6 24.0 20 .2 • 24 .0 19 .9 
2 .33 
L 23 .8 21 .2 23 .8 20.9 23 .8 20 .6 23 .8 20 .3 23 .8 20.0 
S 23 .8 21 .2 23 .8 20.9 23 .8 20.6 23 .8 20 .2 23 .8 19 .9 
2.79 
L 23 .5 21 .2 23 .5 20 .9 23 .6 20 .6 23.6 20 .3 23 .6 20 .0 
S 2 3 . 5 21 .2 23 .5 20.9 23 .5 20 .6 23 .5 20 .2 23 .5 19 .9 
T a b l e 11c R e s u l t s o f S i m u l a t i o n a t t = 0 o n C a t e g o r y 3 2 
K 1 2 x icf
5 
1 . 5 0 2 3 7 3 . 2 5 4 . 1 2 5 . 0 0 
LAW K 2 1 x l 0 5 X l X 2 X l X 2 X l X 2 X l X 2 X l X 2 
0 . 5 0 
L 9 . 7 6 . 0 9 . 7 5 . 5 9 . 7 5 . 1 9 . 7 4 . 7 9 . 7 4 . 3 
oo
 
0 . 8 8 
9 . 7 6 . 0 9 . 7 5 . 4 9 . 7 4 . 8 9 . 7 4 . 2 9 . 7 3 . 6 
L 9 . 4 6 . 1 9 . 5 5 . 6 9 . 5 5 . 1 9 . 5 4 . 7 9 . 5 4 . 3 
00
 
1 . 2 5 
9 . 4 6 . 0 9 . 5 5 . 4 9 . 5 4 . 8 9 . 5 4 . 2 9 . 5 3 . 6 
L 9 . 2 6 . 1 9 . 2 5 . 6 9 . 3 5 . 1 9 . 3 4 . 7 9 . 3 4 . 3 
00
 
1 . 6 2 
9 . 2 6 . 0 9 . 2 5 . 4 9 . 3 4 . 8 9 . 3 4 . 2 9 . 3 3 . 6 
L 9 . 0 6 . 1 9 . 0 5 . 6 , 9 . 1 5 . 1 9 . 1 4 . 7 9 . 1 4 . 3 
00
 
2 . 0 0 
8 . 9 6 . 0 9 . 0 5 . 4 9 . 0 4 . 8 9 . 1 4 . 3 9 . 1 3 . 7 
L 8 . 8 6 . 1 8 . 8 5 . 6 8 . 9 5 . 2 8 . 9 4 . 7 8 . 9 4 . 4 
00
 
8 . 7 6 . 0 8 . 8 5 . 4 8 . 8 4 . 9 8 . 9 4 . 3 8 . 9 3 . 7 
Table 12 . Results of Simulation at t = 0 on Category 33 
K 1 2 x 10 
-5 
2 .52 3.79 5 07 6 .34 7.62 
LAW K 2 1 x l 0 5 X l X 2 
X X 2 X l X 2 X l X 2 X l X 2 
2.10 




7 .7 6 .3 7 .7 5 .5 7 .8 4.6 7.9 3 .7 8.0 2 .3 
L 7 .3 6 .5 7 .3 5 .9 7.5 5.3 7 .5 4 . 8 7.6 4 .3 
S 
3 .68 
7 . 1 6 .4 7 .2 5 .5 7 .4 4.7 7 .5 3.9 7 .6 3 .0 




6 .6 6 .4 6 .8 5 .6 6.9 4.8 7.0 4 .0 7 .2 3 . 1 




6 . 1 6 .5 6 .3 5 .7 6 .4 4.9 6 .6 4 . 1 6 .8 3 .3 
L 6 . 1 6.6 6 ,3 6 ,4 6 , 4 5 .5 6 .5 4 .9 6.6 4 .5 
CO
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Figure 24. Simulation Results for Category 32 
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Figure 25 . Simulation Results for Category 33 
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Tables 11 and 12 and Figures 24 and 25 begin to depict appreciable 
differences in the flow of bat t l e depending upon whether Lanchester Ts 
l inear law or Lanchester Ts square law was used in the so lut ion . These 
differences depend upon the magnitude of the ef fect iveness c o e f f i c i e n t s . 
_5 
In general , values of ef fect iveness coef f ic ients of l e ss than 3.0 x 10 
resulted in differences in fract ional casualt ies (R^ or R^) of l ess than 
4 per cent between the square law and l inear law so lut ions . Differences 
approached 25 per cent as the ef fect iveness coef f ic ients increased to 
7.6 x 1 0 " 5 . 
Categories 1 1 , 2 1 , and 31 by def in i t ion have low values for 
effect iveness coe f f i c i en t s . The l arges t , found in the sampling of the 
—6 
data in Category 2 1 , was only 3.75 x 10 . These three categories 
represent almost 40 per cent of the t o t a l ba t t l e s studied. In addit ion, 
many of the bat t l e s in Categories 12 , 2 2 , and 32 have ef fect iveness 
-5 
coef f ic ients l e s s than 3 x 10 . These facts may m a large part 
account for the lack of sensit iveness to changes in the exponent a of 
the generalized Lanchester Ts law observed in Chapters IV and V. 
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CHAPTER VII 
TIME STABILITY ANALYSIS 
Although the two models ( I n i t i a l Force and Attacker-Defender 
Models) under consideration in th is study do not d i f f e r in p r i n c i p l e , 
they do d i f f e r as to the ir input conditions and, as such, may behave 
d i f ferent ly with time. An analysis to determine the time behavior of 
the models must therefore treat each model separately . This analysis 
w i l l determine i f these models d i f f e r with time and, i f s o , i f any 
discernible trend e x i s t s . 
I n i t i a l Force Model 
Since th is model i s based on a bivariate regression analysis over 
an extended period of t ime, a t e s t w i l l be made to determine i f the 
regression coef f ic ients vary s ign i f i cant ly with time. The simplest and 
most obvious analysis would be a graphical analysis of the regression 
coef f i c ients with time or bat t l e period. To f a c i l i t a t e th i s ana lys i s , 
the data were divided into 11 bat t l e periods of approximately 100 battles 
each. Although the bat t l e s are not uniformly distr ibuted with t ime, the 
bat t l e periods give a good time spread in most instances. Points are 
plotted at the ends of the time periods rather than at the midpoints. 
Figures 26 and 27 graphically i l l u s t r a t e the s t a b i l i t y of these 
coef f i c i ents with time. Although the coef f i c ients appear to vary con­
s iderably , no trend with time i s apparent in e i ther C^ or C^. The 
dotted l ine on the graph represents the value of C in the general model 
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which considered a l l data. 
and the value of t .025;100* 
Table 13 . Test for Significance of the Variation 
of C with Time ( I n i t i a l Force Model) 
Time C l E [ C 1 ] 
Computed 
t t . 0 2 5 ; n 
1620-1690 -0 .085 0 .0 1.06 1.98 
1690-1712 0 .076 0 .0 0 .93 1.98 
1712-1759 -0 .020 0 .0 0 .28 1.98 
1759-1793 -0 .104 0 .0 1.05 1.98 
1793-1796 -0 .117 0 .0 1.63 1.98 
1796-1800 -0 .094 0 .0 1 .21 1.98 
1800-1810 -0 .062 0 .0 0 .98 1.98 
1810-1813 -0 .007 0 .0 1.59 1.98 
1813-1849 0 .054 0 .0 0 .70 1.98 
1849-1870 -0 .103 0 .0 1.64 1.98 
1870-1905 -0 .005 0 .0 0.06 1.99 
As in Chapter IV (page 70 ) , 
C - E[C ] 
t = 
1 + ( § > 2 
AIB / n n 
I (B^-B) 
i = l 
where 
A = log ( K 2 1 / K 1 2 ) , 
B = log ( x 1 0 / x 2 ( ) ) . 
A t t e s t was conducted to determine i f any of the values di f fered 
s ign i f i cant ly from the mean. Table 13 gives the t values along with the 
value of the intercept C^, the expected value of the intercept E [ C ^ ] , 
0.10 
Figure 26. Variation of Intercept C with Time ( I n i t i a l Force Model) 
0 . 1 
1620 1720 1800 1820 1905 
Year 
Figure 27. Variation of Slope with Time . ( I n i t i a l Force Model) 
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The hypothesis that C = E[C ] w i l l be rejected whenever 
( C 0 - E[C_]) S_ / ifa - 1 
t =
 2 2 l Q g X 1 0 / X 2 0 
S l o g K 2 1/K 1 2|log x 1 0 / x 2 Q 
E [ C 2 ] was determined to be 0 .361 in the previous chapter. Figure 27 
i l l u s t r a t e s the scat ter about the mean or expected s lope , shown by the 
dotted l i n e . Table 14 again gives the value of the s lope , expected 
value of the s lope , the computed t value and the value for t n n n 
r .025 ;n 
t > t An a of 0 .0 5 was used for a l l t e s t s . Since in Chapter a /2;n-2 r 
IV i t was shown that C^ did not s ign i f i cant ly d i f f e r from zero, E[C^] 
was taken to be; zero. I t should be noticed that for the intercept , the 
computed t value was always well under t n n n and, therefore , there r .025;100 ' 
was no reason to bel ieve that the overal l va lue , or expected value for 
the intercept c o e f f i c i e n t , di f fered with time. Figure 26 shows the 
scat ter about the mean. 
A s imilar analysis was made for slope C^. In th i s analysis 
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Table 14 , Test for Significance of the Variation 
of C with Time ( I n i t i a l Force Model) 
r -. Computed 
Time U 2 ^ 2 A t .025 ;n 
1620-1690 0,388 0 .361 0.10 1.98 
1690-1712 0.379 0 .361 0 .10 1.98 
1712-1759 0.442 0 .361 0 .48 1.98 
1759-1793 0 .297 0 .361 0.29 1.98 
1793-1796 0 .433 0 .361 0 .31 1.98 
1796-1800 0 .292 0 .361 0 .28 1.98 
1800-1810 0.349 0 .361 0 .05 1.98 
1810-1813 0.146 0 .361 1.78 1.98 
1813-1849 0 .381 0 .361 0 .09 1.98 
1849-1870 0.296 0„361 0 .28 1.98 
1870-1905 0 .402 0 .361 0 .20 1.99 
Attacker-Defender Model 
A s imilar analysis of the s t a b i l i t y of the coef f i c i ents of regres­
sion for the Attacker-Defender Model was performed. The same divis ion of 
data was used in th i s analysis as in the s t a b i l i t y analysis of the 
I n i t i a l Force Model. A separate b ivar iate regression was then performed 
on each divis ion of data» Figures 28 and 29 graphically depict the v a r i ­
ation of the regression coef f ic ients with time. Again, no general trend 
with time i s apparent in the variat ion of either C^ or C^. 
Table 15 gives the resu l t of a t t e s t performed to determine i f 
any of the variat ions in C with time are s t a t i s t i c a l l y s i g n i f i c a n t . 
1620 1720 1800 1820 1905 
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Figure 29. Variation of Slope C 2 with Time (Attacker-Defender Model) 
CD 
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Table 15 . Test for Significance of the Variation 
of C with Time (Attacker-Defender Model) 
r rrr 1 Computed 
Time 1 L 1 J t r . 0 2 5 ; n 
1620-1690 -0 .076 0 .0 1.28 1.98 
1690-1712 - 0 . 0 3 7 0 .0 0 .74 1.98 
1712-1759 0.059 0.0 1.15 1.98 
1759-1793 0.107 0 .0 1.85 1.98 
1793-1796 0 .104 0 .0 1.72 1.98 
1796-1800 - 0 . 0 8 1 0 .0 1.72 1.98 
1800-1810 - 0 . 1 0 1 0 .0 2 .51 1.98 
1810-1813 - 0 . 0 1 2 0 .0 0.29 1.98 
1813-1849 - 0 . 0 1 0 0 .0 0 .22 1.98 
1849-1870 - 0 . 0 7 3 0 .0 1 .74 1.98 
1870-1905 0.006 0 .0 0 .13 1.99 
With the exception of the time period between 1800 and 1810, the 
computed t values are well below the value for the .05 l eve l of s i g ­
ni f icance . No cause could be discerned for the low value of the in ter ­
cept c o e f f i c i e n t , C 9 during this time period. This low value would 
tend to indicate that the defense pos i t ion was s ign i f i cant ly stronger 
during th is bat t l e period than for the res t of the time under study. 
The fact that the value of C^ for the other ten ba t t l e periods did not 
d i f f e r s i gn i f i cant ly from the expected value (the value computed for 
the combined data) i s reason to accept the expected value of C^ as being 
s table with time. 
A s imilar analysis was performed to determine i f the observed 
values of the slope ( C 2 ) d i f fered s i gn i f i cant ly from the expected value 
E [ C 2 ] obtained from an analysis of a l l data. Table 16 gives the resu l t s 
of th i s analys i s . 
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Table 16. Test for Significance of the Variation 
of C with Time (Attacker-Defender Model) 
P|-„ - i Computed 
Time 2 L L 2 J t \ 0 2 5 ; n 
1620 -1690 0 .248 0 .247 
1690 -1712 0 .241 0 .247 
1712 -1759 0 .345 0 .247 
1759 -1793 0 .308 0 .247 
1793 -1796 0 .322 0 .247 
1796 -1800 0 .298 0 .247 
1800 -1810 0 .198 0 .247 
1810 -1813 0 .133 0 .247 
1813' -1849 0 .251 0 .247 
1849' -1870 0 .367 0 .247 
1870--1905 0 . 387 0 .247 
0 .01 1.98 
0 .06 1.98 
0 . 8 1 1.98 
0 .38 1.98 
0.46 1.98 
0 .33 1.98 
0 .35 1.98 
1.24 1.98 
0 .03 1.98 
0.79 1.98 
1.10 1.99 
Table 16 indicates that none of the samples for the ent ire time 
period approaches s ignif icance at the .05 l eve l of s ign i f i cance , ind i ­
cating no reason to doubt the time s t a b i l i t y of the expected value of 
the slope C^. Furthermore, since the regression coef f i c i ents appear to 
be stable with time, the models based upon these coef f i c i ents should be 
time s tab le . 
I t i s interest ing to compare the value of the e f fect iveness ra t io 
^ 2 1 ^ 1 2 ' a s e s " t i m a "ted with the Attacker-Defender Model (a = 0 ) , with the 
value computed by Engel ( 2 1 ) . Engel used actual combat a t t r i t i o n data 
from the bat t l e of Iwo Jima and computed ^ 2 1 ^ 1 2 " t ° ^ e ^ • 1 " ^ e 
Attacker-Defender Model estimates K 2 i ^ i 2 t 0 be 4 . 2 . The closeness of 
th i s estimate i s further evidence of the v a l i d i t y and time s t a b i l i t y 
of th i s model. In f a c t , much of the s l i gh t discrepancy observed may 
well have been due to the uncertainty in the i n i t i a l defender strength. 
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CHAPTER VIII 
i ( i N 2 - a 1 - (x / x ) 
A ( x n , , x . J = 1 9 (21) I f 2f , , , v2 - a 1 - ( x 2 f / x 2 Q ) 
This advantage parameter was used in the regression analyses in deriving 
the various models which were obtained in th is study. In addit ion, 
since the parameter i s a measure of the re la t ive advantage of the two 
s ides , the side estimated to have the advantage was compared with the 
winner of the engagement. I f 
A ( x l f , x 2 f ) < 1 
DISCUSSION OF RESULTS, CONCLUSIONS AND RECOMMENDATIONS 
This chapter w i l l summarize the resu l t s of the experiments which 
were reported in Chapters IV, V, V I , and V I I . The intention of the 
experiments and the resu l t s which were achieved w i l l be stated in a 
concise manner to f a c i l i t a t e the forming of the conclusions and the 
recommendations of th i s study. 
Discussion 
Advantage Parameter 
An advantage parameter which made use of terminal bat t l e data was 
defined by Equation ( 2 1 ) . This equation i s stated as 
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"ODD" is estimated to have the advantage, and i f 
A ( x l f , x 2 f ) > 1 
"EVEN" i s estimated to have the advantage. The side estimated to have 
the advantage agreed with the winner in over 79 per cent of the 1 ,081 
bat t l e s which were considered in th is analys i s . The estimation was 
insensi t ive to the choice of a used in the advantage parameter. These 
resu l t s c lose ly p a r a l l e l those obtained by Willard in 1962. Willard 
performed an analysis of the same data, but he used a s tochast ic model 
which had been developed by Brown. With th i s model, Willard correct ly 
estimated the winner in 76 .4 per cent of the bat t l e s when a = 0 , and 
77c8 per cent of the bat t les were correct ly predicted when a - 1 . 
Willard was unable to obtain this accuracy when he attempted to use a 
determinist ic model s imi lar to the advantage parameter of this study. 
Models 
Three basic models are developed in th i s study: a Control Model 
where "ODD" i s defined as the side winning the c o n f l i c t , an I n i t i a l 
Force Model where "ODD" i s defined as the side having i n i t i a l l y the 
superior numerical s trength, and an Attacker-Defender Model where "ODD" 
i s defined as the side determined to be the aggressor in the engagement. 
The Control Model. The Control Model was developed to determine 
whether bat t les have followed Lanchester's square law (a = 0 ) , Lan-
chester's l inear law (a = 1 ) , or some other generalized Lanchester law. 




X l " K 2 1 X 1 0 x, "2 (16) 
a 
x, "2 
X 2 K 1 2 X 2 0 x 1 
Analyses were performed with values of a varying from a = 2 to a = - 1 . 
Bivariate regression analysis techniques were used to e s tab l i sh 
a relat ionship between the r a t i o of i n i t i a l strengths and the e f f e c t i v e ­
ness ra t io K / K of the form 
This re lat ionship was then used to develop a model for estimating the 
advantage. This model had the form 
"ODD" was estimated to have the advantage when A < 1 , and "EVEN" when 
A > 1 . 
The resu l t s of the regression analysis indicated that the model 
was insens i t ive to the choice of a. a = 1 resulted in the following 
equations for estimating ef fect iveness ra t io and advantage: 
21 12 
log ( K 2 1 / K ) = C±+ C2 log ( x 1 Q / x 2 0 ) (23) 
A = log 1 [ C 1 + (C2 - 1) log (x 1 0/x 2 Q)] . (25) 
log (K /K ) = - 0 . 2 8 3 + 0 .484 log (x i n/x. n) (26) 
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and 
A = log 1 [-CK283 - 0.516 log (x^/x^)] . (27) 
I n i t i a l Force Model. The I n i t i a l Force Model depends upon only 
the i n i t i a l force ra t io as input data. 
Bivariate regression analyses of Bodart's b a t t l e data again were 
insens i t ive to the value of a chosen. These analyses resulted in 
a = 1 , 
C = - 0 . 0 5 , 
and C 2 = 0 .361 . 
Based upon these r e s u l t s , the I n i t i a l Force Model for estimating the 
ef fect iveness ra t io becomes 
log (K 2 1/K I 2) = - 0 . 0 5 + 0 .361 log (x^/x^) > (28.) 
and for estimating advantage becomes 
A = log 1 [ -0 .05 - 0.639 log (x^/x^)] . (29) 
A variation of the t t e s t was used to determine i f the intercept 
c o e f f i c i e n t , C^, was s ign i f i cant ly d i f ferent from zero. The resul t s 
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were negative, and Equations (28) and (29) become simply 
log (K 2 1/K 1 2) = 0.3.61 log ( x 1 0 / x 2 ( } ) , (30) 
and 
A = l o g " 1 [ -0 .639 log ( x 1 0 / x 2 Q ) ] . (31) 
The side estimated to have the advantage with only the i n i t i a l force 
ra t io used as inputs agreed with the winner of an engagement in 66 per 
cent of the bat t les s tudied, in contrast to the 79 per cent agreement 
achieved by the advantage parameter. The advantage parameter used the 
addit ional data as to the number of casualt ies on each side at the termi­
nation of the c o n f l i c t , and was expected to achieve a greater percentage 
of agreement. 
The prediction interval about the estimated advantage parameter 
was also employed to determine the probabi l i ty of the numerically 
in fer ior force having the advantage. An analysis that was based upon 
these prediction intervals revealed that a side outnumbered by a factor 
of three to one s t i l l has a 25 per cent chance of possessing advantage. 
These resu l t s are in agreement with the resul ts achieved by Robinson 
(50) in an analog study of a combination Lanchester-type l inear-square 
law model. In this study, Robinson analyzed the u t i l i t y of a model 
which allows one side to have a casualty rate depicted by Lanchester's 
square law and the other side to have a casualty rate which does not 
follow e i ther the square law or the l inear law. This model, referred to 
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as Robinson's Model I I I i s indecisive for i n i t i a l force rat ios of 
< 3 .3 
Attacker-Defender Model. The Attacker-Defender Model i s s imilar 
to the other two models defined, except in th i s model, "ODD" i s defined 
as the side determined to be the aggressor, 
the form,of-the law (value of a) and the appropriate regression c o e f f i ­
cient C and C 2 . Similar to the other two models studied, th is model 
was insens i t ive to the choice of a. Therefore, a = 1 was arbitrarily-
chosen to be representative of the general case. This value of a 
resulted in the following regression coe f f i c i ent s : 
Again, due to the small magnitude of C , a t t e s t was used to determine 
Bivariate regression analyses were again performed to determine 
= - 0 . 0 0 7 
and 0.247 
Robinson's Model I I I can be expressed as 
*1 '- - C X 1 0 X 2 " D k 2 1 X 2 
X, '2 - k 1 2 X l 
where C and D are coef f i c ients used to vary the analog model. 
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i f th i s coef f ic ient was s ign i f i cant ly d i f ferent from zero. The resul ts 
of the t e s t were negative, and the Attacker-Defender model for estimating 
ef fect iveness ra t io becomes 
log (K 2 1/K 1 2) = - 0 . 2 4 7 log ( x 1 0 / x 2 Q ) , (34) 
and for estimating advantage becomes 
A = log 1 [ -0 .753 log ( x 1 0 / * 2 0 ) ] • (35) 
The Attacker-Defender Model estimated that on the average, the 
side with superior numbers had the advantage regardless of whether he 
i s the attacker or the defender. 
Categorized Combat Situations 
Many researchers have stated the d e s i r a b i l i t y of categorizing 
mil i tary combat into ident i f iab le c las ses . In Chapter I I I , the author 
defined nine categories or types of combat based upon the t o t a l i n i t i a l 
numerical strengths of the two opposing sides and the fract ional casual­
t i e s . 
Regression analyses were used to develop models for estimating 
ef fect iveness ra t io and advantage for each category. Results of the 
regression analyses revealed that a l l categories were insens i t ive to 
the choice of a or the form of Lanchester's law used. Class i f i ca t ion 
by bat t le s i ze had l i t t l e e f f ec t on the model's a b i l i t y to estimate 
advantage. However, there i s a s ign i f i cant difference in the model's 
a b i l i t y to estimate advantage under the per cent casualty c la s s i f i ca t ion . 
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For those categories where one side suffered 10 per cent or l e s s casual­
t i e s while the other side suffered greater than 10 per cent casualt ies 
(Categories 1 2 , ,22, and 3 2 ) , the agreement between estimated advantage 
and the winning side averaged approximately 73 per cent. For the other 
two casualty breakdowns (both sides less than or equal to 10 per cent 
and both sides greater than 10 per c e n t ) , the per cent agreement was 
only 57 per cent and 59 per cent. 
Sens i t iv i ty Analysis 
An analysis was conducted to determine how the s e n s i t i v i t y to the 
form of the law (Lanchester's square law or Lanchester's l inear law) was 
affected by the magnitude of the ef fect iveness coef f i c i ents K and'K . 
This analysis indicated that i f the ef fect iveness coef f ic ients were l e s s 
-5 
than 3 x 10 , d i f ferences . in per cent casualt ies of l e ss than 4 per 
cent between the square law and l inear law solutions can be expected. 
As the magnitude of the ef fect iveness coef f i c ients increased so did the 
di f ferences . Casualty differences between l inear law and square law 
solutions approached 25 per cent as the magnitude of the ef fect iveness 
- 5 
coef f ic ients approached 8 x 10 
Time S t a b i l i t y of Models 
Bodart's bat t le data were separated into 11 ba t t l e periods of 
approximately 100 bat t l e s each. A separate regression analysis was 
performed for each group and for each model. The v a r i a b i l i t y of the 
regression coef f ic ients was studied, both through a graphical analysis 
and with s t a t i s t i c a l procedures, to determine i f the coe f f i c i ents varied 
s ign i f i cant ly with time and, i f so , i f th i s variation could be predicted. 
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The graphical analysis revealed no apparent trends in the regres­
sion coef f ic ients of e i ther model with time. A t t e s t was performed to 
determine i f the variations of the regression coef f ic ients between the 
bat t l e period data and the composite data were s t a t i s t i c a l l y s igni f icant . 
This t e s t gave no reason to bel ieve that the regression coef f ic ients 
were unstable or varied s ign i f i cant ly with time. Therefore, i t was con­
cluded that the models studied are time s tab le . 
Conclusions 
Using Bodart's Lexicon (covering 1,081 land bat t les fought between 
1620 and 1905) as a data source, the following conclusions were obtained: 
(1 ) Regression analyses of the above data indicated that Lan­
chester's generalized law i s insensi t ive to the value of the exponent a. 
No difference could be determined between Lanchester's square and l inear 
laws. 
(2 ) The empirical re lat ionship between the ef fect iveness ra t io 
and the i n i t i a l strength ra t io for the aggregate bat t l e data was deter­
mined to be log ( K 2 1 / K 1 2 ^ = ° - 3 6 1 l o S
 ( x io / x 20 ) ' 
( 3 ) The advantage parameter A ( x ^ , x 2 ) agreed with the winner of 
the engagement in 79 per cent of the bat t l e s studied. This resu l t i s in 
good agreement with previous research based upon stochast ic analyses. 
(4 ) Simulation r e s u l t s , using empirically determined e f f e c t i v e ­
ness c o e f f i c i e n t s , indicated that the difference in casualt ies predicted 
by Lanchester's square law and Lanchester's l inear law i s l e s s than 4 
- 5 
per cent for values of e f fect iveness coef f ic ients l e s s than 3 x 10 
Values of e f fect iveness coef f ic ients below this magnitude were encoun-
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tered in over 70 per cent of the bat t les studied. These simulation 
resul t s support the f i r s t conclusion which was based upon regression 
analyses. 
(5 ) A two-way c l a s s i f i c a t i o n of ba t t l e s by ba t t l e s i ze and 
per cent casualt ies revealed that the c l a s s i f i c a t i o n by ba t t l e s i ze 
resulted in no improvement in the models' a b i l i t y to estimate advantage. 
Class i f i ca t ion by per cent casualt ies resulted in no improvement for 
those c lasses in which both sides had e i ther l ight or heavy lo s se s . 
However, for the classes in which one side had l i gh t losses and the other 
heavy l o s s e s , an average improvement of 7 per cent over the unclass i f ied 
data was obtained. 
(6) Analyses of ba t t l e s in which one side had heavy losses and 
the other side l ight losses indicate tha t , on the average, the larger 
force has the higher ef fect iveness coef f i c ient when rat ios of i n i t i a l 
strengths are l e s s than three to one. For larger i n i t i a l strength 
r a t i o s , however, there i s a trend for the smaller force to have the 
higher e f fect iveness coe f f i c i en t . In general , the logarithm of the 
ef fect iveness ra t io i s inversely proportional to the logarithm of the 
i n i t i a l strength r a t i o . 
(7) The models developed proved to be time invariant over the 
time period under consideration. 
(8) The dis tr ibut ion of bat t l e s by bat t l e s i z e follows an 
-Xx 
exponential d is tr ibut ion of the form f ( x ) = Xe , where x i s the num­
ber of combatants in thousands. For the data considered in th i s study 
i t was found that X = 0 . 0 2 5 . 
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Recommendations 
The following areas of addit ional research are recommended: 
(1) This study has shown that models based upon the i n i t i a l 
strengths of the opposing sides and the ident i f i ca t ion of the aggressor 
can provide an estimate of the average ef fect iveness ra t io expected as 
a function of these parameters, but they are insuf f ic ient to estimate 
such a r a t i o for a spec i f i c bat t l e s i tuat ion . What i s needed i s more 
e x p l i c i t research into the nature of the coef f ic ients of e f f ec t iveness , 
K and K » with part icular emphasis on the offensive and defensive 
attr ibutes of the opposing s ides . Such factors as types of weapons 
employed, types of t erra in , communications, and l o g i s t i c s could wel l be 
used to define these a t t r ibutes . 
(2 ) Another area for further research could wel l be the e f fec t 
on coef f ic ients of e f fect iveness of such intangibles as morale of 
troops. Rashevsky (49) developed a theory for analyzing the e f fec t of 
morale which involves a c r i t i c a l ra t io or threshold of active to passive 
troops to continue the c o n f l i c t . This theory maintains that when the 
r a t i o of actives to passives drops below the threshold necessary to 
maintain the influence of the act ives over the pass ive , then that group 
for which th i s occurs ceases f ight ing , even though physical ly able to 
continue. This may help to explain the fact that , in the data of th i s 
study, 50 per cent of a l l bat t les were decided before e i ther side l o s t 
more than 12 .5 per cent of i t s t o t a l force . I f su f f i c i ent deta i l s on 
troop morale could be obtained on a large number of past b a t t l e s , the 
study of the re lat ionship between morale and ef fect iveness r a t i o would 
be a very worthwhile research projec t . 
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(3) A f i n a l recommended area for research i s a study of past 
mi l i tary h is tor ies directed toward the determination of an empirical 
re lat ionships between motion of the front l ines or forward edge of the 
bat t l e area (FEBA) and the ef fect iveness r a t i o . Weiss (57) presented 
a theoret ica l treatment of th i s problem in which he assumed that each 
commander predetermines the casualty rate that he i s wi l l ing to accept, 
and advances and retreats according to whether the actual casualty rate 
i s l e s s than, or greater than, the predetermined ra te . A l imited 
sample of combat data appeared to support his analys i s , but to deter­
mine i t s v a l i d i t y would require a detai led research of a rather large 
magnitude. This research would y i e l d additional insight into methods 




Equality of Fighting Strength 
Proof of equal i ty of f ighting strength i s based upon the equation 
= x 1 / x 2 . ( A - l ) 
When the percentage rate of loss of a given side i s equal to the per­
centage rate of loss of i t s opponents, the two sides are equal in fight­
ing strength and i f fought to near annihilation the combat would resul t 
in a draw. 
The model exemplified by Equation (8) in the text i s 
X l = - k 2 1 X 2 X l / m l " \ l \ 0 m l ( 8 ) 
x 2 = - k 1 2 x 1 x 2 / m 2 - k 3 2 x 3 0 m 2 . 
Substituting these values into Equation ( A - l ) resul ts in 
K 2 1 X 2 , K 4 1 X 4 0 m i _ K 1 2 X 1 , K 3 2 X 3 0 m 2 
mx x± m2 x 2 
and clearing fract ions 
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k 2 1 X 2 X i m 2 + k 4 1 X 4 0 X 2 m i m 2 = ^ i V l + ^ V s o V V ' ( A _ 3 ) 
According to Equation (10) in the text 
2 k 2 1 X 2 X l 
ITU = 
1 \ i \ o 
2 k 1 2 X l X 2 m. 
(10) 
2 k 3 2 X 3 0 
2 2 
Substituting these values for 'm and m̂  in Equation (A-3) y ie lds 
2 2 
k 2 1 X 2 X i m 2 = k 1 2 X l X 2 m i * (A-4) 
2 2 
Both sides of Equation (A-4) were squared and the values for m̂  and m̂  
given in Equation (10) were substituted,. This resulted in 
k 2 1 X 2 ( k 4 1 X 4 0 ) = k 1 2 X l ( k 3 2 X 3 0 ) 9 
which i s the desired r e s u l t . 
Regression Line Prediction Interval 
The regression l ine represents the mean or expected value of 
log ( ^ ^ / K ) S l v e n -L o§ ^xio^X20^" ^ e c o n ^ d e n c e interval i s merely 
a determination of how well one can determine th is mean. I t is often 
the case , as in th i s study, that a statement about the mean i s unimpor­
tant, whereas aprobabi l i ty statement about a spec i f i c observation i s r e l e ­
vant. To simplify the presentation, the regression line will be stated simply as 
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y = a + bx . 
_ 2 
a + bx° ± t / 0 0 S , / l + - + ( X ° " X ) ( A - 5 ) 
a / 2 ;n -2 y | x / n n 
I ( v x ) 
i = l 
2 
i f y° i s normally dis tr ibuted with mean a + bx° and variance a . The 
probabi l i ty i s then 1 - a that a future observation y° corresponding to 
x° w i l l l i e in th i s in terva l . S i i s an estimate of the v a r i a b i l i t y 
y | x 
about the regression l ine and i s defined as 
( A - 6 ) 
n 
I t i s apparent that £ ( y - - v - ) i s the sum of squares of the deviations 
i = l . 1 1 
about the f i t t e d l i n e . The prediction interval defined in Chapter IV i s 
merely Equation ( A - 5 ) where 
x = log ( x 1 0 / x 2 Q ) , 
y = log (K /K 1 2) , 
Bowker and Lieberman have a r e l a t i v e l y rigorous proof that the predic­
tion interval for y° given x° i s 
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a = C 1 , 
and b = C 2 . 
The proof of the correctness of th is interval would fol low the same 
reasoning given in Bowker and Lieberman, pages 254 and 255 . Now i t 
only remains to be shown that log ( K 21^ K 12^ l s n o r T n a H y distributed, 
The values of log (^21^12^ ^ o r " t ^ i e ^ n i ' t : i a l Force Model were 
analyzed as to the i r range of values , and I t was observed that more 
than 65 per cent of these values were within the interval 
- 0 . 5 0 < log ( K 2 1 / K ) < 0 .50 . 
The mean and standard deviation of l og , (K /K ) were computed, and, 
based upon the hypothesized normal d i s t r ibut ion , ten subintervals 
were se lec ted . The observed frequencies in each of these subintervals 
were tabulated, and the accumulated frequency was plot ted on normal 
probabi l i ty paper. This graphical analysis i s shown in Figure ( A - l ) . 
The closeness of the plot ted points to a s traight l ine tends to ind i ­
cate that the d is tr ibut ion i s approximately normal with a mean of zero 
and a standard deviation of approximately 0 . 5 . 
2 
The x t e s t for goodness of f i t was applied to these data to 
determine i f the hypothesis that the sample data has a normal d i s t r i b u ­
tion with u = 0 and a = 0 . 5 should be accepted or re jec ted . Since both 
x x 
the mean and the standard deviation were estimated, two degrees of f r e e ­
dom were l o s t . Thus, the t o t a l number of degrees of freedom for th i s 
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T E S T I S 
WHERE.K I S THE NUMBER OF S U B I N T E R V A L S . THE C H I SQUARED S T A T I S T I C 
WAS COMPUTED AS 
X 
9 K (0 - E ) 2 
= I 
i=i Ei 
WHERE CL I S THE OBSERVED FREQUENCY I N EACH SUBINTERVAL AND E ^ I S THE 
THEORETICAL.FREQUENCY BASED UPON THE HYPOTHESIZED NORMAL D I S T R I B U T I O N 
TABLE A - L SHOWS THE RESULTS OF T H I S T E S T . S I N C E THE OBSERVED 
O 
VALUE OF x = 10 .61 I S SMALLER THAN 1 1 . 0 7 , WE A C C E P T , AT THE 5 P E R 
CENT L E V E L , THE HYPOTHESIS THAT THE D I S T R I B U T I O N I S NORMAL. 























- 0 . 5 0 - 0 . 2 5 0 .0 0 .25 0 .50 
log ( K 2 1 / K 1 2 ) 
Figure A - l . Graphical Analysis of the Distribution 
of Log ( K 2 1 / K l 2 ) 
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Table A - l . Chi Square Test for Normality of Log ( K 2 1 / K 1 2 ) 
S from Mean Observed Theoretical (O-E) 
Interval at End Points Frequency Frequency E 
< - 0 . 5 0 0 < - 1 . 0 0 172 172 0.00 
- 0 . 5 0 to - 0 . 2 9 - 0 . 5 8 116 132 1.94 
- 0 . 2 9 to - 0 . 1 1 7 - 0 . 2 3 120 137 2 .11 
- 0 . 1 1 7 to +0.045 +0 .09 142 140 , 0 .03 
+0.045 to +0.208 +0 .42 133 135 0 .03 
+0 .208 to +0.382 +0 .76 121 126 0 .20 
+0 .382 to +0 .500 +1 .00 77 70 0 .71 
> +0 .500 > +1 .00 203 172 5 .59 
1084 1084 10 .61 
log K 2 1 / K 1 2 = 0 ,0 
* ? 0 5 ; 5 = 1 1 - 0 7 0 




This Appendix contains the IBM card input format, a l i s t i n g of 
participants as ident i f i ed by Bodart ( 5 ) , and a complete l i s t i n g of 
a l l data used in th i s study. 
CARD FORMAT BODART DECK 




/—- i—1 •H bfl i—1 •H 
rd i—1 c rd i—1 bO 
& •H fd • H •H fd C 
fd 4-> CO •H •H •H CO CO •H CO CO 
O C rd •H T3> C rd CO T3> 
PQ I—I CJ S CP I—I CJ •H CP 
< PQ S CO 4-> fd CO fd CO 3 < PQ CO •H cd CO td =8= ^ £H bO •H •H k -l-> — bO •H — •p CO. +-> i—1 CN CO 
cp CP CP C fd rd <P c cd fd CP e c C C CP Q C Q c fd CP CP CP Q CP Q CP rd CP CP CP bO <u c C C & C C CJ CO CO CO CO CO o fd fd +J •H •H •H -H O •H O •H o o o o o o O o o O CP P-. I—I I S C/3 lz; ^ 4 - c/3 lz; J 4 - CJ CJ CJ >-< 
Fields 1 6 , 2 3 , 4 1 , 48 have an X-PCH i f there was no information as opposed to no known casual t ies 
Field 55 Code 1 : ^ 1 I n i t i a l Strengths only or asymmetric casualty data 
2 Dead + Wounded both sides 
3 End of category 
4 End of deck 
Code 2: 1 Belagerung 
2 Ersturmiing = Cat I I 
3 Einnehmen 
4 Kapitulation 
0 Treffen, Gefecht, Schlacht = Cat I 
Code 3: 1 Battle won by the Attacker 
2 Battle won by the Defender 
A l l Fie lds: R ight - jus t i f i ed . 
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CODE FOR PARTICIPANTS 
1 . France 39 . "Frondeurs" 
2 . Austria 40 . Brandenburg 
3 . Great Britain 4 1 . "Koniglich" =• 38 
4 . Russia 42 . Venice 
5 . Prussia 43 . Ireland 
6. Spain 44 . Piedmont 
7. Turkey 4 5 . "Auslandischen" 
8. Holland 46 . Sardinia 
9 . Sweden 47 . Modena 
10 . United States of America 48 . Naples = 18 
1 1 . Denmark 49. Hesse 
12 . I ta ly 50 . Scotland 
13 . Japan 5 1 . Geneva 
14 . Poland 52 . "Reichstruppen" 
15 . Portugal 53 . Hanover 
16 . Confederate States of America 54 . Vende' 
17 . Hungary = 36 55 . Jurpfalz 
18 . Naples = 48 56 . P fa l tz 
19 . Egypt 57 . Vatican 
20. Chile (Government) 58 . Morocco 
2 1 . China 59 . Mexico 
22 . Greece 6 0 . Garibaldi 's Troops 
23 . Serbia 6 1 . Roumania 
24 . Bulgaria 62 . Chile (Congress) 
25 . Tyrol 6 3 . Boers 
26 . Bavaria 6 4 . Makin 
27. Wiirttenberg 65 . Tarawa 
28. 66 . Kwaj alein 
29. 67 . Eniwetok 
30. Kaiserl ich (Holy Roman Empire) 68 . Saipan 
31 . German Insurgents 69 . Guam 
32. Cossacks 70 . Tiniam 
33 . Tartars 71 . Pele lui 
34. Germany 72 . Iwo Jima 
35. Bohemia 73 . Iwo Jima" 
36. Parliament (English C i v i l War) = 17 74 . Okinawa 
37. Saxony 75 . Okinawa* 
38. Royalist (English C i v i l War) = 41 76 . No. Okinawa 
77. Ie Shima 
Card Cols . ( 5 , 6 ) or ( 7 , 8 ) or ( 3 0 , 3 1 ) or ( 3 2 , 3 3 ) . 
141 
Table B-l. Listing of Bodart Battle Data, Category 11 
1 8 8 2 0 4 6 0 0 0 0 1 0 0 - 0 ? 1 0 0 0 0 0 2 0 0 0 - 2 2 7 3 9 
1 0 6 4 3 0 6 0 0 0 0 1 0 0 - 0 7 4 2 0 0 0 2 0 0 0 - 2 1 6 8 5 
1 9 9 1 0 5 8 0 0 0 0 1 5 0 - 0 2 1 4 9 0 0 1 4 0 0 1 3 5 0 0 2 1 7 4 4 
5 1 1 3 0 2 0 4 3 7 0 C G 2 0 0 - 1 7 4 5 0 0 0 5 0 0 6 0 0 0 2 1 8 4 9 
2 6 9 3 0 1 " " " 5 2 0 0 0 3 0 0 - 0 5 3 5 0 0 0 2 0 0 - 2 2 7 9 2 
5 0 5 1 0 2 4 2 0 0 0 3 0 0 - 0 1 6 0 0 0 0 7 0 0 1 0 0 0 2 2 7 9 5 
3 9 6 3 0 2 4 0 0 0 0 3 0 0 - 0 1 3 9 0 0 0 3 0 0 1 9 0 0 2 2 3 0 9 
2 4 c > 5 3 4 5 7 0 0 0 5 0 0 3 0 0 0 1 2 5 0 0 0 1 5 0 0 3 0 0 0 2 2 7 6 2 . 
1 0 7 3 3 0 5 0 0 0 0 3 0 0 - 0 7 8 0 0 0 0 2 0 0 0 5 0 0 2 1 6 8 6 
4 9 7 3 1 4 5 0 0 0 0 5 0 0 - 0 4 2 6 0 0 0 1 0 0 0 4 5 0 0 2 1 6 3 1 
2 7 3 3 0 2 0 3 6 0 0 0 0 6 0 0 - 0 1 3 0 U 0 0 1 3 0 0 - 2 1 7 9 3 " ' 
3 7 9 1 0 4 7 0 0 0 0 6 0 0 - 0 7 3 5 0 0 0 3 0 0 0 - 2 1 3 7 7 
5 0 0 3 1 9 4 3 0 0 0 5 0 0 - 0 7 3 3 0 0 0 1 0 0 0 1 0 0 0 0 2 1 3 3 9 
4 5 9 1 0 4 0 5 1 6 0 0 0 0 2 0 0 0 - 0 1 1 0 G 0 0 0 3 0 0 0 2 0 0 0 2 2 8 1 3 
5 0 8 4 0 2 0 4 5 1 0 0 0 7 0 0 2 0 0 1 7 5 G 0 0 C 1 3 0 0 2 0 0 2 1849 
3 0 6 1 0 2 4 3 0 0 0 6 0 0 - 0 1 3 7 0 0 0 1 1 0 0 3 0 0 2 2 7 9 5 
2 9 0 4 0 2 0 8 2 8 0 0 0 4 0 0 2 5 0 0 1 6 0 0 0 0 3 0 0 0 2 4 0 0 2 2 / > 4 
5 0 5 2 0 2 5 5 0 0 0 9 0 0 4 5 0 4 6 7 3 0 0 0 9 0 0 3 0 0 2 1 8 4 6 
2 9 8 2 0 1 8 8 0 0 0 1 5 0 0 - 0 2 7 7 0 0 0 3 0 0 0 3 0 0 2 1 7 9 4 
2 6 6 2 0 3 0 B 6 0 0 0 0 1 0 0 0 - 0 1 6 0 0 0 0 2 5 0 0 - 2 1 7 9 4 
0 5 5 3 3 0 6 0 0 0 0 1 0 0 0 - " 0 9 3 7 4 6 0 0 0 2 0 0 0 - 2 1 6 3 2 
3 9 6 3 0 1 2 6 6 0 0 0 0 ' 1 0 0 0 - 0 2 4 6 0 0 0 2 3 0 0 2 4 0 0 2 L 8 0 9 
2 b 7 2 0 3 0 " 8 " 9 0 0 0 0 1 5 0 0 - 0 1 9 0 0 0 0 7 0 0 0 - " 2 2 7 9 4 
3 9 3 2 0 1 2 6 D 2 U 0 0 1 0 0 0 - 0 2 5 8 0 0 0 2 7 5 0 4 0 0 0 2 1 8 0 9 
2 0 4 3 0 c 0 1 5 0 0 0 0 1 0 0 0 - 4 o 0 , i 3 0 0 0 0 1 0 0 0 1 5 0 0 2 1 7 4 5 
2 5 0 1 0 4 3 0 0 0 0 6 0 0 - 0 7 3 3 6 0 0 0 0 3 0 0 0 - 2 2 7 6 9 
2 4 9 1 0 2 5 2 5 0 0 0 0 1 0 0 0 4 0 0 0 5 " 3 0 0 0 0 1 6 0 0 - " " " 2 " 2 7 6 2 
3 9 1 2 0 1 3 5 0 0 0 7 0 0 - 0 6 4 5 0 0 0 3 0 0 0 3 0 0 0 2 1 8 0 6 
2 1 7 2 0 2 5 0 0 0 0 L L U O - " " 0 5 6 3 0 0 0 3 0 0 0 - 2 1 2 7 5 7 
2 6 5 1 0 2 0 4 2 7 0 0 0 6 0 0 - 0 7 5 0 0 0 0 5 0 0 0 1 0 0 2 1 7 8 9 
5 6 4 2 3 4 6 6 0 0 0 2 0 0 0 - 0 1 6 4 0 0 0 3 0 0 0 1 6 0 0 0 2 1 3 7 0 
5 0 7 3 1 7 5 5 0 0 0 1 2 0 0 - 0 2 3 7 0 0 0 2 0 0 0 - 2 
5 0 0 2 
2 8 4 9 
3 1 1 4 0 1 5 0 0 0 0 1 2 0 0 1 2 0 0 0 2 " 4 6 0 0 0 " 1 1 0 0 1 7 9 6 
5 3 3 1 1 0 7 2 0 0 0 1 7 0 0 - 1 6 4 6 0 0 0 4 8 0 0 - 2 1 8 6 4 
4 4 7 2 0 4 0 5 2 4 0 0 0 " 6 0 0 " 0 0 1 " 5 0 0 0 0 1 2 0 0 1 0 0 0 2 2 8 1 3 " 
2 4 4 2 3 4 5 2 0 0 0 1 3 0 0 2 0 0 0 1 1 0 0 0 0 0 3 0 0 0 2 0 0 0 2 2 7 6 1 
5 6 2 3 3 4 4 0 0 0 0 1 0 0 0 - 0 1 6 0 0 0 0 2 2 0 0 1 6 0 0 2 1 8 7 0 
5 6 1 3 0 1 6 0 0 0 0 1 5 0 0 3 0 0 3 4 2 0 0 0 0 1 0 0 0 3 0 0 2 1 8 7 0 
5 4 1 1 1 0 6 0 0 0 0 " 1 5 0 0 ~ 2 0 0 1 6 - " " 3 0 0 0 0 " 1 7 0 0 " 1 6 0 0 2 " 1 3 6 5 
4 0 0 1 0 1 7 2 0 0 0 2 0 0 0 - 0 2 7 6 0 0 0 2 0 0 0 6 u 0 0 2 1 8 0 9 
2 6 6 3 0 4 3 6 0 0 0 iooo- " 0 7 6 4 0 0 0 3 0 0 0 1 0 0 0 2 1 7 9 1 
5 3 7 1 1 6 6 0 0 0 0 1 7 0 0 - 1 0 1 0 0 0 0 0 1 1 0 0 0 1 3 0 0 2 2 3 6 4 
5 6 0 2 3 4 2 O 0 0 0 0 6 0 0 0 - 0 1 1 6 0 0 0 0 O O O O - 2 4 16 fO 
5 7 0 1 3 4 2 3 0 0 0 7 0 0 - 0 1 8 3 0 0 0 4 0 0 0 5 0 0 2 1 8 7 1 
3 3 6 4 1 0 8 0 0 0 0 2 4 0 0 - " 1 6 4 0 0 0 0 3 0 0 0 - 2 1 8 6 4 
5 5 9 1 3 4 4 0 0 0 0 1 3 0 0 5 0 0 0 1 3 6 0 0 0 1 2 0 0 1 0 0 2 1 8 7 0 
4 7 7 2 0 2 0 4 IDoooo 3 5 0 0 - 0 1 5 0 0 0 0 4 0 0 0 2 5 0 0 2 2 8 1 4 
5 5 5 2 3 4 7 8 0 0 0 2 8 0 0 3 0 0 0 1 9 6 0 0 0 3 6 0 0 - 2 1 8 7 0 
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Table B-l. Listing of Bodart Battle Data, Category 11 
(Continued) 
64000 3000- 02 72000 . 3000 40002 1 8 0 0 
210101 110000 4000- 0302 75000 7000 30002 1 7 4 6 
51620301 5 COCO 1 6 3 0 - 04 7 4 0 0 0 7 3 0 0 1 5 0 0 2 1855 
57 6 2 0 4 5 5 0 0 0 2G0G- 07 3 0 0 0 0 300U 1 2 0 0 0 2 16 77 
5 b 2 3 7 4 7 0 0 0 1 6 0 0 2 2 3 5 0 0 0 5 0 0 • 2 13 97 
580224 '" 5 COCO 1 9 0 0 - 23 " 3 2 0 0 0 1 1 0 0 - 2 "" 1 8 6 5 " 
2 1 o 2 0 i 6 0 0 0 0 2 3 5 0 1 3 0 0 5 3oOOG 1 2 5 0 2 5 0 2 1 7 5 / 
4 2 6 1 0 4 2 0 0 0 0 b o o - 07 6 0 0 0 0 1 5 0 0 2 0 0 0 2 1 6 1 1 
5 1 4 1 0 7 2 0 0 0 6 8 0 0 - 04 6 0 0 0 6 1 6 0 0 - 2 1 2 3 5 4 
5 3 6 2 0 2 5 5 0 0 0 2 2 u 0 12 0 0 0 1 """" 4 5 0 u 0 1 3 0 0 " 3 0 0 2 2 7 3 9 
5 6 9 1 3 4 4 5 0 G 0 1 3 6 0 4 0 0 0 1 1 3 5 0 0 0 4 0 0 0 5 0 0 2 1 3 7 1 
"106230" 3 0 0 0 0 " 2 0 0 0 - 07 ""'60000 "" 8 0 0 0 "" 2 0 0 0 2 • I o 3 7 
4 2 0 3 1 5 3 ^ 0 0 0 1 3 0 0 - 01 5 6 0 0 0 4500- 2 2 3 1 0 
4 6 0 2 0 2 0 4 6 0 0 GO 2 5 0 0 3 0 0 0 1 5 0 0 0 0 1500 1 0 0 0 2 28 13 
2 6 1 3 0 2 4 3 0 0 0 l o u O - 01 5 0 0 0 0 2 0 0 0 1 0 0 0 2 1 7 9 3 
3 7 1 1 3 4 2 4 0 0 0 0 1 0 0 6 0 2 0 0 0 0 1 4 0 0 0 0 0 i 6 0 0 0 6 0 0 0 2 1 1 3 / 0 
5 3 c i i 0 9 3 0 0 0 4 0 0 0 5 0 0 1 o 5 2 0 0 0 1 5 0 0 3 0 0 0 2 1 3 6 4 
2 6 5 3 0 1 7 0 0 0 0 " "3G00- """'6 ' 3 0 2 " ""74000 4 0 0 0 ' 15002""" 1 7 9 4 
4 2 4 3 1 5 3 5 0 0 0 1 3 0 0 3 0 0 0 1 4 3 0 0 0 2 7 0 0 - 2 1 6 1 1 
3 9 9 2 0 1 2 6 6 c 0 0 0 3 0 0 0 - 02 7 4 0 0 0 6 0 0 0 5 0 0 0 2 1 3 0 9 
3 5 7 2 0 1 55GGG 2 5 6 0 - 0 2 2 6 5 7 0 0 0 3 5 0 0 1 0 0 0 0 2 1800 
52621fc "'"'""680,00 3I.50'"' " 2 5 0 1 0 3 4 0 6 6 5 7 0 0 5 0 0 2 1 6 6 2 
5 6 6 3 3 4 7 2 0 0 0 3 3 0 0 5 0 0 0 1 8 8 0 0 0 6 0 0 0 2 0 0 0 0 2 1371. 
4 7 0 2 0 2 6 4 1 2 3 0 0 0 6 0 0 0 - " " 0 1 " 4 1 0 0 0 3 0 0 0 " 3 0 0 0 2 26.14 
5 5 5 1 3 4 6 6 0 0 0 5 4 0 0 2 0 0 0 1 5 9 0 0 0 5 5 0 0 - 2 1 8 / 0 
0 6 3 4 0 9 4 0 1 9 0 0 0 1 0 0 0 - 1 4 700OO 3 0 0 0 - 2 
4 1 0 1 0 1 7 4 0 0 0 <tuuir 02 6 0 0 0 0 3 2 0 0 3 0 0 0 2 13 09 
4 5 2 1 1 5 0 6 9 0 0 0 0 4 9 0 6 " 3 0 0 0 1 6 0 0 0 0 6 0 0 0 3 0 0 2 2 6 1 3 
5 9 9 1 0 1 3 6 0 0 0 2 0 0 0 - 02 5 o 0 0 0 4 5 0 2 3 5 0 2 1 6 0 9 
3 1 0 1 0 1 3 6 0 0 0 2 0 0 0 4 6 6 0 2 ""450 66 1 3 0 0 " 13 0 0 2 i 7 96 
4 3 6 1 0 1 1 4 1fcuGOG 1 0 0 0 0 - 04 1 2 0 0 0 0 6 0 0 0 - 2 1 6 1 2 
50/202 4 1 0 0 0 2 3 0 0 1 0 0 0 4 6 5 9 0 U 0 3 0 0 0 5 4 0 0 2 1 3 4 9 
3 5 3 1 0 1 5 2 0 0 0 3 0 0 0 - 02 4 6 0 0 0 2 4 0 0 1 6 0 0 2 1 3 0 0 
3 2 2 1 0 1 ' 5 2 0 0 0 5 0 0 0 - " 0 2 3 4 0 0 0 27U0 2 0 0 0 2 1 7 9 7 
4 6 4 2 1 5 0 6 9 0 0 0 0 5 3 0 0 2 0 0 0 1 5 0 0 0 0 3 2 0 0 1 3 0 0 2 1 6 1 3 
2 7 2 4 0 2 " " " 4 3 0 0 0 2 6 0 0 40G6I" '"""' " 4 i00"0" 3 0 0 0 " 1 0 0 0 2 2 7 9 3 ' 
5 2 9 1 1 6 7 8 0 0 0 4 7 0 0 7 0 0 1 0 1 1 7 0 0 0 11 0 0 0 2 0 0 0 2 2 6 6 2 
4 1 4 3 0 1 3 3 0 0 6 2 0 0 0 - 06 3 0 0 0 0 4 0 0 0 1 4 0 0 0 2 ioOy 
3 5 9 1 0 1 6cuCG 4 0 0 0 - 02 50U60 4 1 0 0 4 3 0 0 2 1 6 0 0 
3 2 9 302" 4 6 0 0 0 2 9 0 0 3 1 0 6 0 1 3 6 6 6 0 2 6 0 0 2 0 0 0 2 2 7 9 9 
2 5 2 3 0 4 3 2 0 0 0 2 0 0 0 - 0 7 3 3 5 7 0 0 0 4 0 0 0 6 0 0 0 2 2 7 7 1 
i 5 4 1 0 3 9 0 0 0 0 6 0 0 0 - 0166 8 0 0 0 6 6 0 0 0 3 0 0 0 2 ' 1 7 0 8 
1 2 1 3 0 7 6 0 0 0 0 4 0 0 0 - 3 0 5 0 0 0 0 4 0 0 0 - 2 2 6 9 6 
5 6 3 1 3 4 2 5 0 0 0 1 7 0 0 - 01 6500.0 5 0 0 0 3 0 0 2 13 (0 
5 4 3 1 0 2 7 5 0 0 0 52Q0 2 3 0 0 1 2 9 0 0 0 0 3 4 0 0 4 1 0 0 2 1 6 o o 
474215 45000 3200 10001 35000 3000 7002 1814 
2312340 3 38000 2 7 0 0 20001 52000 4900 22002 2 7 5 9 
1 4 3 
T a b l e B - l . L i s t i n g o f B o d a r t B a t t l e D a t a , C a t e g o r y 1 1 
( C o n t i n u e d ) 
1 7 2 1 3 0 6 3 0 0 0 4 5 0 0 — 0 7 6 0 0 0 0 6 0 0 0 - 2 1 7 1 6 
2 9 3 1 0 2 0 8 4 1 0 0 0 3 G 0 0 — 0 1 7 3 0 0 0 2 0 0 0 — 2 2 7 9 4 
4 9 7 1 0 4 6 2 0 0 0 3 6 0 0 2 0 0 1 4 4 4 0 0 0 2 9 0 0 6 0 0 2 2 3 ^ 1 
5 6 9 2 3 4 3 3 0 0 0 2 5 0 0 1 0 0 0 1 4 7 0 0 0 3 5 0 0 9 0 0 0 2 1 6 7 1 
5 3 6 3 1 0 5 2 0 0 0 4 0 0 0 — 1 6 3 8 0 0 0 3 0 0 0 - 2 1 3 6 4 
5 1 9 2 0 1 4 6 0 0 0 3 9 0 0 7 0 0 0 2 ^ 2 0 0 0 5 7 0 0 4 5 0 0 2 2 8 3 9 
1 4 7 1 0 3 0 6 6 C C 6 0 3 0 0 0 - 0 1 0 6 6 2 0 0 0 2 0 0 0 6 0 0 0 2 2 7 0 6 
3 5 3 2 3 4 5 8 0 0 0 4 8 0 0 2 0 0 0 1 8 4 0 0 0 3 2 0 0 o 0 0 2 1 8 7 0 
5 3 3 2 1 0 6 5 0 0 0 5 o 0 0 4 0 0 1 6 4 3 0 0 0 2 6 0 0 4 4 0 0 2 1 8 6 3 
3 3 1 1 0 2 4 c 0 G 0 4 0 0 0 2 0 0 0 0 1 4 1 0 0 0 3 5 0 0 " 4 5 0 0 2 " " 2 7 9 9 
5 6 3 3 2 4 4 0 0 6 0 3 5 0 0 — 0 1 9 0 0 0 0 3 5 0 0 1 5 0 0 2 . 1 8 7 0 
3 9 / 3 0 1 4 5 0 0 0 4 0 C 0 - 0 2 4 0 0 0 0 3 0 0 0 2 0 0 0 2 1 5 0 9 
3 9 / 1 0 2 3 9 0 0 0 3 6 0 0 - 0 1 4 1 0 u 0 3 0 0 0 5 0 0 0 2 2 c 0 5 
5 6 4 I J 4 3 6 0 0 0 3 6 0 0 7 0 0 0 1 5 2 0 0 0 4 ^ 0 0 2 5 0 0 2 1 8 7 0 
4 3 5 1 0 1 1 0 0 0 0 0 1 0 0 0 0 — 0 3 0 8 2 0 0 0 0 0 1 5 0 0 0 2 5 0 0 0 2 1 8 1 3 
1 0 3 2 0 1 4 0 0 0 0 4 0 0 0 - 0 6 0 6 4 0 0 0 0 4 0 0 0 - 2 2 o 7 o 
1 4 4 
T a b l e B - l . L i s t i n g o f B o d a r t B a t t l e D a t a , C a t e g o r y 1 2 
0 4 9 2 3 0 0 6 4 7 5 0 C 4 0 0 - 3 5 3 2 0 0 0 6 0 0 0 - 2 1 6 2 0 
3 1 2 3 0 2 4 6 G G 0 4 0 0 - 0 1 3 4 0 6 0 1 2 0 0 0 £ 0 0 2 2 7 9 6 
5 3 6 3 1 0 6 0 0 0 0 7 0 0 - 1 6 3 0 0 0 0 4 6 0 0 - 2 1 3 6 4 
3 7 6 2 0 4 6 1 1 2 0 Q 0 G 2 6 0 0 - 0 7 3 0 0 6 0 3 0 0 0 - 2 1 6 7 7 
4 7 4 1 0 4 0 2 9 0 0 0 0 1 6 0 0 3 0 0 0 1 2 5 0 0 0 2 6 0 0 5 0 0 2 2 6 1 4 
2 - 7 3 4 0 2 0 3 5 3 0 0 0 1 0 0 0 - ^ 0 1 2 7 0 0 0 ^ y O O = M * ^ 2 1 7 9 3 
0 9 4 2 1 4 5 0 0 0 0 1 6 0 0 - 0 7 6 0 0 0 0 2 0 0 0 0 - 2 2 6 7 3 
4 1 6 2 0 1 7 G O 0 G 1 5 0 0 - 0 6 5 5 0 0 1 . 5 0 0 - - - - 4 0 0 0 2 - 1 1 3 1 0 
4 4 4 1 0 4 9 0 0 0 0 2 0 0 0 - 0 1 5 0 0 0 0 6 0 0 0 . 1 2 0 0 0 2 2 6 1 2 
2 5 1 3 0 4 4 6 0 0 0 1 0 0 0 - 0 7 3 3 1 5 G O 0 O 2 0 G O O - - 2 2 7 7 0 
2 1 3 2 0 1 8 0 0 0 0 2 0 0 0 0 8 0 2 1 3 0 0 0 2 0 0 0 1 1 0 0 0 2 1 1 7 4 6 
' i 7 9 1 0 2 0 4 1 0 0 0 0 0 3 0 0 0 - 0 1 3 0 0 0 0 3 4 ^ 0 8 0 0 2 ' 1 6 1 4 
3 2 8 3 0 2 5 0 0 0 0 1 6 5 0 c 5 0 0 i 2 8 0 0 0 4 0 0 0 o 0 0 2 2 7 9 9 
3 8 2 3 0 4 6 3 0 0 0 2 5 0 0 - 0 1 1 7 0 0 0 1 8 0 0 l t > 0 0 2 2 6 0 7 
5 4 6 1 0 5 2 2 0 0 6 0 3 9 6 0 3 0 0 0 2 3 7 2 1 3 0 0 0 2 3 6 6 0 2 0 7 0 0 2 1 8 6 b 
5 5 6 1 3 4 - - 2 0 6 h ) 6 0 6 3 0 0 - 7 0 0 0 1 - - 1 2 0 0 0 0 1 7 0 0 0 2 1 - 0 0 0 2 1 6 7 0 
, 1 2 2 2 3 0 5 C 0 G 0 2 1 0 0 - 0 7 1 0 0 0 0 0 3 0 0 0 0 - 2 1 6 9 7 
4 5 3 2 0 1 1 6 0 0 0 0 t t O G O - 0 4 0 5 1 0 0 0 0 0 1 6 0 0 0 - 2 1 8 1 3 
4 5 4 2 0 5 0 4 6 0 0 0 0 4 0 0 0 - 0 1 6 0 0 0 0 1 2 0 0 0 1 8 0 0 0 2 2 6 1 3 
2 6 4 L 0 4 9 0 0 0 0 4 6 0 0 - 6 7 1 4 0 o G 1 6 0 0 0 4 0 0 2 2 z 7 6 t f 
5 4 0 2 1 0 5 5 0 0 0 3 1 0 0 - 1 6 3 8 0 0 0 1 5 0 0 0 - 2 1 6 6 4 
4 5 6 1 1 5 0 6 9 0 0 O 0 - 5 0 0 0 3 - 0 0 O 1 • - 4 6 0 0 l ^ G O 1 2 0 G 2 1 1 6 1 3 
5 3 6 2 1 0 7 0 0 0 0 4 0 0 0 - 1 6 4 0 0 0 0 8 5 0 0 - 2 1 6 6 4 
2 9 0 1 0 3 0 2 5 0 0 6 6 3 0 0 0 - O A 4 5 0 0 0 ^ 0 0 ^ 2 7 9 4 
1 1 2 1 0 1 5 0 0 0 0 3 0 0 0 3 0 0 0 0 8 3 0 3 8 0 0 0 6 0 0 0 5 0 0 0 2 1 6 9 0 
2 9 3 4 0 1 - 8 1 0 0 6 5 0 G K > - 0 2 0 6 4 6 O O 0 5 0 0 - 0 - 2 1 7 9 4 
3 7 2 1 0 1 9 6 0 0 0 6 0 0 0 - 0 5 3 7 5 4 0 0 0 1 2 0 0 0 1 5 0 0 0 2 1 0 0 6 
4 6 7 2 1 5 0 6 7 0 0 0 - 0 4 o u G 5 0 0 0 1 5 0 0 0 0 . o 4 o o - 6 0 0 2 2 6 1 3 
1 0 4 1 1 4 3 0 7 6 G 0 C 5 0 0 0 - 0 7 1 0 7 0 G O 1 5 0 0 0 5 0 0 0 2 2 6 3 3 
c : 2 1 2 0 2 5 ^ 8 0 0 0 0 1 ^ 0 0 5 0 0 0 5 5 0 0 0 0 £ 0 0 0 6 0 0 0 2 1 7 5 7 
0 8 3 1 3 0 0 1 3 0 0 0 0 2 0 0 0 - 0 7 6 0 0 0 0 8 0 0 0 - 2 1 6 6 4 
2 3 0 3 0 4 7 2 - 0 0 - 0 4 o O O - 0 5 ^ 8 0 0 0 7 U 6 0 i 2 0 O 2 1 7 5 9 
1 8 5 1 0 4 6 0 0 0 0 4 0 0 0 - 0 7 2 2 0 0 0 1 7 0 0 0 3 0 0 0 2 2 2 7 3 7 
5 4 4 2 - 0 4 r ^ 7 - 6 5 0 0 0 4 4 6 0 - 0 4 3 5 0 O 0 § 6 G G 8 0 6 * 2 1 8 5 4 
2 0 2 1 0 5 7 0 0 0 0 4 6 0 0 - 0 2 3 7 7 5 0 0 0 9 6 0 0 5 6 0 0 2 2 7 4 5 
3 3 2 1 0 2 0 4 5 2 0 0 0 3 8 6 0 1 2 0 0 0 1 2 6 0 0 0 4 0 0 0 7 0 0 0 2 2 - 7 - 9 ^ 9 — 
2 0 8 1 0 2 4 0 0 0 0 3 6 0 0 5 0 0 0 1 0 u 4 4 0 0 0 7 0 0 0 3 0 0 0 2 2 7 4 6 
1 6 0 3 0 1 4 f c 5 3 0 0 0 - 4 0 0 0 - 3 0 3 7 0 0 0 6 0 0 o - 2 1 7 ^ > 4 
1 1 9 1 0 1 4 0 0 0 0 3 0 0 0 - 3 0 0 6 3 6 0 0 0 9 0 0 0 2 0 0 0 2 1 6 9 3 
2 2 6 2 0 2 - 6 5 0 0 0 5 4 0 0 2 3 0 0 0 5 4 2 0 0 0 7 9 0 0 2 4 0 0 2 2 7 6 6 
1 8 1 1 0 1 1 1 7 0 0 0 1 0 0 0 0 - 3 0 4 5 0 0 1 0 0 0 3 5 0 0 2 I 1 7 3 4 
5 0 1 1 0 1 3 5 0 0 0 3 0 0 0 - 0 4 3 0 0 0 0 — , 1 0 0 0 0 - 2 1 - £ 4 * 4 — 
5 7 9 3 0 4 6 7 0 0 0 6 0 0 0 - 0 7 2 9 0 0 0 4 5 0 0 2 2 5 0 0 2 1 3 7 6 
4 6 0 2 0 2 0 4 1 6 0 0 0 0 9 0 0 0 - 0 1 4 2 O 0 0 7 0 0 0 2 3 0 0 2 1 6 1 4 
2 0 1 2 0 1 6 0 0 0 0 5 6 0 0 4 0 0 0 3 0 8 5 0 0 0 0 9 0 0 0 3 0 0 0 2 1 7 4 5 
1 5 9 1 0 4 5 4 0 0 0 5 G O O - G 9 2 6 0 0 0 9 2 0 0 - 2 8 G G 2 2 7 0 9 
4 6 3 1 0 1 6 0 0 0 0 6 0 0 0 4 0 0 0 2 6 0 2 4 0 0 0 0 5 0 0 0 5 0 0 0 2 1 8 1 3 
1 8 6 1 0 7 m a m a o o o - r 0 2 4 0 0 0 0 5 2 0 0 4 0 0 2 2 7 3 9 — 
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Table B - l . List ing of Bodart Batt le Data, Category 12 
(Continued) 
118101 80000 M&Q 10000308 50000 12000 20002 2o93 
175130 50CCC 5400- 07 150000 15000 50002 1717 
45720308-- • -&0O0O 9 0 0 0 20000-137---7-000-0 -<*£Oo—135002- 28-13 
565134 3 0 0 0 0 3 5 0 0 10001 6 0 0 0 0 5000 40002 1 8 7 0 
3/t>lC7 40600 5 0 0 0 - 04 60000 4 0 0 0 — 2 2<>77 
320316 8 0 0 0 0 iObOO 2 0 0 0 1 0 1 8 0 0 0 0 i 1 4 0 0 6 0 0 0 2 2 6 3 3 
476201 40000 5600-" 04 05 100000 5 000- ^ 2 3 1 4 — 
535210 100000 16200 230016 30000 3 0 0 0 40002 1864 
465101 37000 6000- 02:04 45000 4000- 2-4-1813 
524216 35000 6 3 0 0 50010 51000 4400 6002 2 8 6 2 
3o3101 65000 12500- 0 4 0 5 9 5 0 0 0 9000- 2 1807 
525116 94000 19000 100010 106000 10300 60002 ' 1862 
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Table B-l. Listing of Bodart Battle Data, Category 13 
52020146 143000 1 4 6 0 0 280002 1 3 0 0 0 0 1 3 1 0 0 87002 2859 
211101 10000 io.Qfia3.o.a £2000 9Q0Q - 2 0 0 0 2 1747 
3 5 4 3 0 2 2 4 0 0 0 2 5 0 0 3 5 0 0 0 1 1 2 0 0 0 4 0 0 0 - 2 4 1 8 0 0 
5 5 4 2 3 4 1 8 7 0 0 0 1 9 7 0 0 5 0 0 0 1 . 1 1 3 0 6 0 1 2 8 0 0 - 1 8 7 0 
4 5 6 2 0 3 0 8 1 0 3 0 0 0 1 1 0 0 0 1 0 0 0 0 1 3 7 0 0 0 9 0 0 0 8 0 0 0 2 2 8 1 3 
2 1 9 1 0 4 5 5 0 0 0 6 0 0 0 - 0 5 2 3 0 0 0 4 1 0 0 5 0 0 2 1 7 5 7 
4 1 0 2 0 3 0 6 5 4 0 0 0 6 0 0 0 7 0 0 0 1 4 7 0 0 0 7 1 0 0 2 0 0 2 2 8 0 9 
4 6 1 2 1 5 0 6 . . 6 . 0 . 0 0 0 6 7 0 0 - 0 1 3 2 0 0 0 4 0 0 0 - _ 2 1 8 1 4 
5 5 2 2 3 4 8 2 0 0 0 9 3 0 0 1 4 0 0 0 1 4 1 0 0 0 8 0 0 0 1 2 3 0 0 2 1 8 7 0 
4 3 2 2 1 5 - 4 6 _ 0 _ 0 0 . 5 2 0 . 0 - .. - 0 1 4 2 0 0 - 0 „ . . 1 0 0 0 0 7 0 0 0 2 2 3 1 2 
5 9 3 1 1 3 1 4 5 0 0 0 1 7 0 0 0 - 0 4 2 1 0 0 0 0 4 6 0 0 0 - 2 1 9 0 4 
z 1 / 1 0 2 5 4 0 0 0 o 4 0 0 I 6 0 0 0 5 3 3 0 0 0 6 t > 0 0 5 4 0 0 2 2 7 5 7 
0 9 5 2 0 1 5 0 0 0 0 6 0 0 0 4 0 0 0 0 8 0 6 7 0 0 0 0 6 6 0 0 5 4 0 0 2 2 6 7 4 
5 3 2 2 1 C ... 7 5 0 0 0 . 5 0 0 0 - 1 6 . . _ . _ 2 1 1 0 0 0 7 0 0 0 2 1 0 0 0 2 1 1 8 6 3 
3 9 3 3 0 1 5 0 0 0 0 6 0 0 0 — 0 ^ 3 0 0 0 0 1 6 0 0 0 1 2 O 0 0 2 1 1 8 0 8 
535 . 1 1 0 1 1 6 0 0 0 . . . 1 4 3 0 0 . . . 3 4 0 0 1 6 . 6 2 0 0 0 7 0 0 0 . . . 3 0 02 . . . 1 8 6 4 
1 1 7 1 0 1 5 7 0 0 0 7 0 0 0 - 0 3 0 8 6 3 0 0 0 6 6 0 0 1 4 0 0 2 2 6 9 2 
4 9 7 2 0 4 8 0 0 0 0 1 0 0 0 0 5 0 0 1 4 5 0 0 0 0 9 0 0 0 5 0 0 2 2 8 3 1 
1 7 1 1 0 1 6 0 0 0 0 1 0 0 0 0 - 3 0 5 3 0 0 3 o 0 0 5 7 0 0 2 1 1 7 1 3 
4 5 J J 2 0 1 1 6 7 0 0 0 2 1 2 0 0 3 6 ^ 0 O _ 0 4 O 3 L .__S.ZOQO._. 1 1 0 0 0 - -. . - 2 1 3 1 3 
3 9 7 2 1 3 1 3 5 0 0 0 1 7 5 0 0 - 0 4 1 5 0 0 0 0 1 6 5 0 0 - 2 1 9 0 4 
3 9 9 2 1 3 3 1 4 0 0 0 . . . 4 . 1 . 0 0 0 _ao4 3 1 0 0 0 0 7 1 0 0 0 2 0 0 0 0 2 1 9 0 5 
4 4 9 1 0 1 1 4 4 0 0 0 1 9 2 0 0 2 8 0 0 0 4 0 5 9 3 0 0 0 1 2 0 0 0 - 2 1 6 1 3 
4 9 R 3 0 4 1 O h i i i V - 1 4 3 7 i ) 0 f i 7 8 0 i ) i 0 i J ( ) 2 ? 2 H 3 1 
3 2 7 3 1 0 8 5 0 0 0 1 1 7 0 0 8 0 0 1 6 5 0 0 0 0 9 4 0 0 1 8 0 0 2 1 8 8 2 
5 8 3 2 0 1 . 6 7 0 0 0 1 2 0 0 0 - . 0 4 .1.. 6 1 0 0 0 . . . 2 . 0 0 0 . 0 - i . 8 0 7 
3 4 0 3 0 2 0 4 5 0 0 0 0 7 0 0 0 2 0 0 0 0 1 3 5 0 0 0 7 0 0 0 4 0 0 0 2 2 7 9 9 
1 7 2 5 5 7 0 4 . 7 0 . 0 . 0 . 0 . . . l o o o o - ...JI9 - 1 . 2 0 0 0 . . 6 0 0 0 o O O O l 1 1 7 1 5 
4 5 3 1 1 5 0 6 5 5 0 0 0 6 0 0 0 1 0 0 0 0 1 6 0 0 0 0 1 1 0 0 0 4 0 0 0 2 2 8 1 3 
3 6 9 3 0 1 6 5 0 0 0 1 0 0 0 0 - 0 4 0 2 8 3 0 0 0 1 6 0 0 0 2 0 0 0 0 2 1 8 0 5 
4 8 7 2 0 2 0 4 1 2 0 0 0 0 1 9 0 0 0 4 0 0 0 0 1 7 2 0 0 0 2 5 0 0 0 1 7 0 0 0 2 2 8 1 5 
1 1 5 1 3 0 . . . . 5 . 0 - 0 0 0 . 8 0 0 - 0 - . . . 0 7 . . . . . . . 1 0 0 0 0 0 2 0 0 0 0 - - 2 i o 9 1 
4 6 6 2 0 1 7 1 0 0 0 1 2 0 0 0 - 0 5 6 4 0 0 0 l o O O O 8 0 0 0 2 1 8 1 5 
3 2 3 3 1 0 6 0 0 0 0 . 1 0 2 0 1 2 . 2 . 3 . Q 0 1 6 . . . 4 0 0 0 0 9 3 0 0 2 1 0 0 0 2 2 . 8 6 2 .... 
C « c 2 1 u 5 3 5 0 0 0 6 2 0 0 - 0 2 5 2 6 3 0 0 0 1 0 0 0 0 1 7 0 0 0 2 2 7 5 7 
4 i i 9 2 0 1 1 6 0 0 0 0 3 0 0 0 0 7 0 0 0 0 2 1 3 0 0 0 0 1 9 0 0 0 7 0 0 0 2 1 3 0 9 
5 2 6 1 1 6 5 0 0 0 0 9 4 0 0 1 0 0 1 0 7 0 0 0 0 1 0 2 0 0 4 3 0 0 2 1 8 o 2 
6 4 0 0 0 1.2.6.00... . . . 1 8 0 0 0 2 6 1 0 0 0 9 2 0 0 . . 4 . 4 0 0 2 1 7 5 7 
5 3 2 1 1 0 9 0 0 0 0 1 7 7 0 0 5 3 0 0 1 6 6 6 0 0 0 1 5 3 0 0 6 7 0 0 2 2 6 6 3 
1 7 5 2 3 0 1 0 0 0 0 0 2 0 0 0 0 - 0 7 3 0 0 0 0 5 0 0 0 . 2 3 0 0 0 2 1 1 7 1 7 
5 7 5 1 0 7 3 5 0 0 0 7 0 0 0 - 0 4 6 1 5 5 0 0 0 1 6 0 0 0 - 2 1 8 7 7 
5 2 9 2 1 0 4 5 0 0 0 9 6 0 0 4 0 0 0 1 6 3 8 0 0 0 9 3 0 0 1 1 0 0 2 1 8 8 3 
4 0 5 1 0 2 9 9 0 0 0 2 1 5 0 0 1 5 0 0 0 1 0 6 O O O 2 3 0 0 0 2 0 0 0 2 2 8 0 9 
1 2 0 4 0 3 0 6 8 0 0 0 0 1 8 0 0 0 - 0 1 1 3 0 0 0 8 0 0 0 - 2 1 2 o 9 4 
3 3 3 1 1 6 7 0 0 0 0 1 3 8 0 0 2 0 0 0 1 0 5 7 0 0 0 1 1 3 0 0 5 0 0 0 2 1 6 6 3 
4 3 6 1 0 1 1 2 4 0 0 0 2 8 0 0 0 - 0 4 1 2 2 0 0 0 4 ^ 0 0 0 9 0 0 0 2 1 8 1 2 
2 4 3 1 0 5 4 4 0 0 0 1 0 0 0 0 4 0 0 0 2 6 6 0 0 0 9 0 0 0 7 0 0 0 2 2 7 6 0 
2 0 0 3 0 1 7 G 0 0 0 l o O O O - 0 2 7 0 0 0 2 2 0 0 4 8 0 0 2 1 1 7 4 4 
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Table B-l. Listing of Bodart Battle Data, Category 13 
(Continued) 
2 3 2 1 0 4 0 2 7OQG0 1 6 0 0 0 3 0 0 0 5 4 6 0 0 0 1 6 7 0 0 2 0 0 0 2 1 7 59 
4 6 1 1 0 2 0 4 3 2 5 0 0 0 7 5 0 0 0 5 0 0 0 0 1 1 7 5 0 0 0 4 5 0 0 0 1 5 0 0 0 2 2 8 1 3 
5 9 9 1 1 3 4 0 0 0 0 9 4 0 0 - 0 4 5 60 0 0 1 3 0 0 0 - _ 2 1 9 0 5 
5 5 4 1 3 4 6 3 0 0 0 1 4 9 0 0 1 1 0 0 0 1 1 1 3 0 0 0 1 7 0 0 0 - 2 1 8 7 0 
i 3 7 2 0 6 ... 35.0000 1 2 5 0 0 5 0 0 0 1 ^ 6 .52000 . 1 4 0 0 0 _.^4320JQ2L_ ± 7 0 4 
3 7 3 1 0 1 2 7 3 0 0 7 1 0 0 - 05 5 0 0 0 0 1 0 0 0 0 3 0 0 0 2 1 6 Go 
1 f c G 2 G 3 G a 9 3 0 6 0 2 3 0 0 0 - 0 1 9 0 0 0 0 1 1 0 0 0 3 GOO? 1 7 0 9 
3 6 0 2 0 1 7 5 0 0 0 2 2 0 0 0 1 0 0 0 0 4 0 5 6 3 0 0 0 2 3 0 0 0 3 0 0 0 2 1 8 0 7 
4 4 5 2 0 1 3 3 0 0 0 1 0 0 0 0 1 0 0 0 0 0 4 6 7 0 0 0 8 0 0 0 2 0 0 0 2 1 8 1 2 
D 1 7 1 0 3 O 1 1 7 5 0 0 0 5 4 0 0 0 - 0 4 1 2 0 0 0 0 1 0 3 0 0 0 - 2 1 18 5 4 
5 4 1 2 1 0 1 2 0 0 0 0 3 90.00 ,i 1 0 0 0 1 6 6 7 0 0 0 4 0 0 0 0 - 2 X 1 6 6 4 
2 2 7 1 0 5 3 3 0 0 0 1 1 0 0 0 2 0 0 0 0 4 5 2 0 0 0 1 8 0 0 0 3 0 0 0 2 2 7 5 3 
1 6 4 ^ 3 0 1 6 0 0 0 J O G O 1 7 0 0 0 7 2 0 0 0 0 0 4 8 0 0 0 - 2 1 2 6 8 3 
5 9 6 2 1 3 1 4 0 0 0 0 7 5 0 0 0 5 0 0 0 0 4 4 0 0 0 0 2 7 5 0 0 125 .002 1 1 9 0 4 
0 9 1 4 0 7 1 3 0 0 0 0 l a a o o o - 4 2 2 0 0 0 0 l f c Q O O - T 2 1 1 6 6 7 
148 
Table B-l. Listing of Bodart Battle Data, Category 21 
496304 19000 100- 07 35000 1000 5002 1329 
496404 18 GOO 100- 07 20000 500 12002 1329 
403115 27000 150- 01 13000 600 18002 2309 
566163 25000 180- . . 03. . 9500 320 _  10002 23 9 9 
501201 10000 7 0- 58 30000 2000- 2 1844 
521246 3 0000 2 0 0— 5 7 bGGG oOO 6002 1 d60 
126101 25000 260- 08 23000 400 3002 1702 
551105 25000 210- 02 . 2 0060 490- 2 1866 
u30il6 .25000 200- .10 33000 1200 6002 2863 
13043006 2.40.00 200— 01 35000 3000- j£... _ 2.76.3 
5 46105 41000 ->->0— 02 29000 920 7802 1866 
124330 22000 2 0 0 - 0144 3801)0 3 6 0 0 2 0 0 2 1701 
549305 26000 2.30- 02 34000 ouO 8002 1866 
312201 .. . 4.00.00 400- 02 .24000 .. 600 12002. 1796 
321201 1 ciuOO 2 0 0 - 0 2 1 7 0 0 6 6 0 0 35062 1797 
.306402 .36000 400- 01 . i..i 0..0.0-. .. 500- 2 2796 
5 1110204 25000 300 017 33000 500 32002 1349 
3 2 0 3 0 1 4 3 0 0 0 5 GO— 02 2 4 0 0 0 7 0 0 - 2 1797 
341303 i700G ii U 0— 0106 2 i 0 0 0 2 000— 2 2799 
4 41304 -.3000.0. 460- .01 5COoO ...400 8002 1612 
543205 10600 130- 02 23000 370 7302 28o6 
5064 02 .. 2330O0 33 0- 17 ...3.80.06... 1200 6002 1849: 
20430204 23000 300- 07 30000 1000 1002 1789 
><i7AO*iO;- 3 O O 0 0 4 0 0 - 01 1 r Oiiii 1 00 o 3 i 0 0 2 2794 
314401 3 d 0 u 0 500- 02 23000 300 40002 179a 
503102 .... 19000 2.60 S04.6 . 41000 -. . 75-0 . 10002 1348 
3 * j U ̂ 0 1 21000 300- 06 19000 400 6002 x808 557234 ...35 60.0. . - 5.60- ui . .. 3000G 700 . 1002. 1870 
504302 42000 600 30046 10000 300 2002 1848 
2*1*540 1 5 0 0 - 0 2 0 9 30000 1 o O O - 2 79-4 
11310306 35000 500- 4301 23000 1500- 2 1690 
573467 . .30.600 _. 460 .... 114004 3600G 1000 30002 1377 
3 9 7202 26000 400- 14 14000 135 0 5 02 2809 
207101 cOOOO ... 1.000- 0602 12060 500 115002 1 1746 
347205 24000 4u0— 02 2GQ0G 1330 1702 1666 
1 2 3on \ ^ 4 0 0 0 4 0 0 
0 0 6 0 I / / GOO ] 500 3 002 i 7 1 0 303106 35000 600- 01 25000 2300- 2 2 795 
31163 0204 .. 3 0u00 . 550 .15.017 20006. . 1500 2102 1849 
456201 17000 300- 06 20000 2000- 2 1313 
507162 16000 .310. 4046 24000 300 21002 1349 
308101 27000 500- 02 10300 300 3002 1796 
3 13 3 01 2 0 0 0 0 40 0- 02 ioOOG 600 20002 179c. 
226101 30000 600- 4953 18000 700 8002 1758 
47540204 ...5.0 000. 1000- 01 20000 1000 20002 2314 
537505 20000 4C0- i. i 11000 700 25002 1864 
26110& 15000 300- 01 loOOO _1200- 2 1793 
309102 30000 6C0- 01 24000 2300 7002 2796 
308201 24000 500- 02 1400Q 1000 15002 1 796 
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Table B-l. Listing of Bodart Battle Data, Category 21 
(Continued) 
3 i 5 ? n ; > "1 3*nnn 1 JCift- 2 2 7 9 * 
1 1 0 2 3 0 1 8 0 0 0 4 0 0 - 0 7 3 2 0 0 0 3 0 0 0 - 2 1 6 8 9 
4 4 0 1 0 4 3 6 0 0 0 . . 6 0 0 7 0 0 0 1 2 0 0 0 0 2 0 0 0 2 S 1 2 _ 
3 1 0 2 0 1 3 0 0 0 0 7 0 0 - 0 2 3 5 0 0 0 1 0 0 0 - 2 1 7 9 6 
5 1 6 1 0 7 0 1 2 2 0 0 0 5 0 0 -
8 0 0 
0 4 1 6 0 0 0 1 5 0 0 - 2 1 8 5 5 
5 0 9 2 0 2 0 4 3 4 0 0 0 1 0 0 1 7 4 0 0 0 0 1 2 0 0 3 0 0 2 1 3 4 9 
5 0 H 1 1 7 2 5 0 0 0 fcOO- 02 1 5 0 0 0 8 0 0 - ? 2R49 
3 0 9 3 0 1 2 5 0 0 0 6 0 0 - 3 4 5 2 9 0 0 0 5 5 0 8 5 0 2 1 7 9 6 
2 7 3 1 0 2 .....3.800.0 9 0 0 - . . . . . 0 1 ....-22000... . 2 0 0 Q - 2__ 2 7 9 3 
2 9 0 2 0 1 2 0 0 0 0 5 0 0 - 0 2 0 5 3 0 0 0 0 9 0 0 - 2 1 7 9 4 
2 7 9 3 0 5 _. aooo 2 0 0 - i l l 3 4 0 0 C 1 2 0 0 1 9 0 0"? . 2 7 9 3 
5 2 0 1 0 1 4 0 5 0 0 1 0 0 0 - 0 2 8 5 0 0 3 6 0 1 1 4 0 2 2 8 5 9 
1 5 8 2 0 1 0 ^ 1 6 0 0 0 4 0 0 - 0 * 1 5 2 0 0 0 0 1 7 0 0 2 3 0 0 ? 1 7 0 9 
3 5 6 1 0 1 
4 7 2 + u l 
5 0 5 3 0 2 
2 3 9 1 0 1 
4 0 0 0 0 
2 0 0 0 0 
1 9 0 0 0 
3 6 0 0 0 
3 0 0 0 0 
1 0 0 0 0 
OOO 
1 6 0 0 0 
no_. 
1 6 0 0 0 
1 0 0 0 
000-
7 0 0 -
1 3 0 0 
6 5 0 
3 0 0 0 2 1 8 0 0 
2 8 1 4 . 
2 1 8 4 8 
1 2 2 0 0 2 4 . 2 7 5 9 
1502 1 7 6 0 
1 6 5 3 0 7 2 6 0 0 0 0 7 0 0 0 - 0 4 4 0 0 0 0 2 1 0 0 9 0 0 2 2 7 1 1 
5 1 2 4 0 2 4 4 0 Q 0 1 2 0 0 3 P O O L , ._ 3 0 0 0 0 2 0 0 0 JLOu02_„ 2 7 9 6 
2 2 0 2 0 5 2 2 0 0 0 6 0 0 - 01 4 1 0 0 0 3 4 0 0 5 0 0 0 2 2 7 5 7 
2 6 8 1 0 4 1 8 0 0 0 5 0 0 - 0 7 1 5 0 0 0 \ 5 0 0 - 2 . JJ92L 
2 4 8 1 0 1 2 4 0 0 0 7 0 0 3 0 0 0 4 1 6 0 0 0 5 0 0 1 9 0 0 2 1 7 6 2 
5 1 5 1 0 4 ? \ fion 6 0 0 - 0701 ? ? 8 S 4 
5 0 4 2 0 2 3 1 0 0 0 9 0 0 - 1 2 1 6 0 0 0 1 4 0 0 - 2 2 1 8 4 8 
2 9 7 ^ 0 1 3 5 0 0 0 - 1 0 0 0 - 02 1 8 0 0 0 1 0 0 0 2 1 7 9 4 
4 0 0 2 0 2 2 7 0 0 0 6 0 0 2 0 0 0 1 2 b 1 8 0 0 0 1 5 0 0 1 0 0 0 2 2 8 0 9 
3 4 9 1 0 ? . .16000- 5 0 0 - - - 01 1 7 0 0 0 7 0 O _ _ 8 0 0 2 -219S— 
2 8 3 4 0 5 2 6 0 0 0 8 0 0 1 0 0 0 1 3 2 0 0 0 2 4 0 0 7 0 0 2 2 7 9 3 
311 3(11 *5n no 1 1 0 0 - 0 ? ?50i)tt poon 1 0 0 0 ? 1 7 9 6 
4 5 7 1 1 5 0 6 3 2 0 0 0 1 0 0 0 1 7 0 0 0 1 3 8 0 0 0 3 6 0 0 - 2 2 8 1 3 
2 0 8 3 0 1 2 5 0 0 0 _ 3 0 0 - 0 2 0 6 4 1 0 0 0 3 0 0 3 8 0 0 2 -1- 1 Z 4 A _ 
5 3 4 3 0 5 3 7 0 0 0 1 2 0 0 - 11 2 3 0 0 0 1 2 0 0 3 6 0 0 2 2 1 8 6 4 
3 5 i 2 0 5 ^ 5 0 0 0 6 2 0 3 0 2 o ^ 2 0 0 0 _.I50L_. . 2 0 0 2 1 3 6 6 
5 5 9 2 3 4 3 0 0 0 0 1 0 0 0 - 0 1 2 0 0 0 0 7 0 0 1 8 0 0 2 1 8 7 0 
2 5 3 2 0 4 1 5 0 0 0 5 0 0 - 0 7 4 0 0 0 Q 7 0 0 0 - 2 1 7 7 1 
4 2 8 3 0 1 
4 9 9 2 1 9 
2 3 5 2 0 2 5 2 . 
3 6 3 2 0 1 
3 1 5 1 0 ? 
1 8 0 0 0 
3 6 0 0 0 
1 5 0 0 0 
2 6 0 0 0 
2 0 0 0 0 
2 8 0 0 0 
6 0 0 -
1 2 0 0 
5 0 0 -
9 0 0 
7 0 0 / 









1 1 0 0 
2 0 0 0 
_ 5 0 O _ 
0 2 
3LL 
1 5 0 0 0 
3 ^ 0 0 0 
8 0 0 
l on n 
5 0 0 2 
6 0 0 2 
3 0 0 0 2 
3 0 0 2 
1 0 0 0 2 
l a o n ? 
2 9 1 3 0 2 0 8 
3 7 6 2 1 0 1 
3 1 6 1 0 2 
4 4 3 2 0 2 3 7 
2 6 0 0 0 
2 7 0 0 0 
2 6 0 0 0 
3 5 Q 0 0 
1 0 0 0 - 01 4 2 0 0 0 2 0 0 0 - 2 2 7 9 4 
1 0 0 0 - 0 4 2 2 0 0 0 6 0 0 2 0 0 2 1 3 0 6 
9 5 0 3 5 0 0 1 2 4 0 0 0 1 0 0 0 8 0 0 2 2 7 9 6 
1 3 0 0 5 0 0 0 4 2L70O0 1 5 0 0 2 5 0 Q 2 1 8 X 2 
1 5 0 
TABLE B - L . L I S T I N G OF BODART BATTLE DATA, CATEGORY 2 1 
(CONTINUED) 
5 6 2 1 3 4 3 5 0 0 0 1 3 0 0 30001 2 5 0 0 0 1400 21002 1870 
4 3 1 3 0 4 0 R 7 1 4 0 0 8 0 0 - 01 1 6 0 0 0 1 5 0 0 7002 
5 6 6 3 3 4 2 6 0 C 0 1 0 0 0 - 01 4 1 0 0 0 1100 19002 1870 
4 6 0 1 1 5 0 6 42000 1600- Ql 32000 1100 6JHL2_ 2a 1 3 
J c 7 4 0 1 2 f 4 0 0 0 0 1^00 1 0 O O 0 4 5 0 2 1744 
5 1 9 1 4 6 0 1 2 6 0 0 0 1 0 0 0 - 0 2 1 8 0 0 0 1 7 0 0 5002 2859 
3 0 5 3 0 2 5 6 0 0 0 1 4 0 0 20001 - 33000 3000- ISO 02 2795 
1 3 1 2 0 2 2 0 0 0 0 6 0 0 1 0 0 0 1 4 6 4 0 0 0 0 1 1 0 0 6 0 0 0 2 2 7 3 4 
3 L 6 3 0 1 5.0000 2 0 0 0 - . 0 2 1 1 0 0 0 . , 4 0 0 - 2 1 7 9 6 
3 1 2 1 0 1 2 5 0 0 0 1 0 0 0 7 0 0 0 2 1 2 0 0 0 9 0 0 2002 1 7 9 6 
2 8 5 2 0 1 2 5 0 0 0 1 0 0 0 - 0 2 1 5 0 0 0 1 s o o 5 0 OP ? 7 Q ^ 
3 5 4 4 0 1 1 7 0 0 0 7 0 0 3 0 0 0 2 3 0 0 0 0 3 0 0 1 1 0 0 2 2 3 0 0 
4 4 8 1 0 6 1 7 0 0 0 7 0 . 0 - . 0 1 1 5 0 0 0 1 0 0 0 4 0 0 2 - 1 0 13 
5 3 0 2 1 0 2 6 0 0 0 1 1 0 0 - 16 5 0 0 0 2 0 0 4 8 0 0 2 4 1 8 6 3 
5 2 4 1 1 0 4 5 6 0 0 1.9.00 3 0 0 1 6 3 0 0 0 0 1 3 0 0 . 3 0 0 2 _ . _ 1 8 6 2 
3 6 7 2 3 4 2 3 0 0 0 1 0 0 0 1 0 0 0 1 3 7 0 0 0 1 3 5 0 1 1 5 0 2 1 6 7 1 
I i a w n ? ft 0 0 0 1 9 0 0 HOOO? 1 HONO I ^ N O ft 7 nop 1 7Q7 
3 2 1 4 0 1 4 5 0 0 0 2 0 0 0 - 02 3 0 0 0 0 1 0 0 0 4 0 0 0 2 1 7 9 7 
2 7G3.0X - 4 5 0 6 0 2 0 0 0 - 0 2 - 1 3 2 0 0 1 0 0 0 53102- 1 7 9 2 
3 6 3 3 0 2 2 5 0 0 0 1 1 0 0 - 01 6 0 0 0 6 0 0 9 0 0 2 2 8 0 5 
3 / 73 0 4 . 2 2 0 0 0 1000— 07 _ 3 2 0 0 0 1 4 0 0 - Z— 2 8 7 7 
4 5 3 5 0 4 1.1000 5 0 0 - 0 7 2 0 0 0 0 1 5 0 0 5 0 0 2 2828 
3 4 2 4 0 1 6 6 > ? N O N l OON 7O0004 > 3 0 0 0 2 1 0 O ? O O O P l 7 Q g 
4 5 4 1 0 5 0 4 3 2 0 0 0 1 5 0 0 3 0 0 0 1 3 7 1 8 0 0 0 1 7 0 0 1 5 0 0 2 2 8 1 3 
3 5 7 3 0 1 2 0 0 0 0 1 0 0 0 - 0 2 4 0 0 0 0 500- 2 . -iaao_ 
0 5 4 1 0 1 1 0 0 0 0 500— 06 2 9 0 0 0 8 0 0 2 0 0 2 1 6 3 0 
4 69.20226..-. 2 0 0 0 L iOuO- _ 01 _ 1 7 0 0 0 ... 5 0 0 - 1 2 0 0 2 - 2 8 1 5 
2 9 2 2 0 1 2 0 0 0 0 1 0 0 0 - 0 2 0 6 2 0 0 0 0 6 0 0 4 0 0 2 1 7 9 4 
4r, H30??*S 4 0 0 0 0 ? O O O - 01 ? 0 0 0 0 1 0 0 0 - 2 ;>Ris 
3 4 5 2 0 1 0 8 2 4 0 0 0 1 2 0 0 2 0 0 0 4 2 1 0 0 0 1 6 0 0 1 0 0 0 2 2 7 9 9 
2 2 0 1 0 1 361100 1 8 0 0 - - - 3 4 0 3 2 700.0 2 5 0 0 - _ 31)02 1 7 5 9 
3 2 6 1 0 1 1 0 0 0 0 500— 4 6 2 6 0 0 0 2 5 0 0 - 2 1 7 9 8 
2 6 8 2 0 1 2 0 6 0 0 1 0 0 0 - 0 6 2 0 0 0 0 2 0 0 0 1 5 0 0 2 . 2 7 9 4 
5 5 1 1 0 1 2 1 0 0 0 1 1 0 0 - 0 6 2 3 0 0 0 9 0 0 4 5 0 0 2 1 8 0 8 
4 1 Hi 0,7 3 0 0 0 0 1 600— 0 4 2 0 0 0 0 \ R O O - ? 2 * lO 
2 9 2 3 0 1 2 4 0 0 0 1 3 0 0 - 0 2 5 3 1 9 0 0 0 9 0 0 - 2 1 7 9 4 
4 6 9 4 0 2 0 4 2 5 0 0 0 . 1 4 0 0 - . - OX _ 1 3 0 0 0 . . . . 5 0 0 201X2-
4 3 9 2 0 5 1 6 0 0 0 9 0 0 3 5 0 0 4 2 2 0 0 0 1 5 0 0 2 5 0 0 2 1 8 1 2 
X 9 83 0 6 4 3 . 2 4 0 0 0 1 4 0 0 2101102 1 6Q 0 0 7 0 0 - 8 0 0 2 _07L44_ 
4 2 7 2 0 1 1 7 0 0 0 1 0 0 0 - 06 2 3 0 0 0 1 0 0 0 4 7 0 0 2 1 8 1 1 
2 4 9 2 0 5 2 7 0 0 U 1 6 i i O - 0 2 ^2 3 i 0 0 0 3 0 0 0 4 4 0 0 2 176 2 
2 7 4 2 0 1 2 0 0 0 0 1 2 0 0 - 0 2 4 6 1 5 0 0 0 7 0 0 - 2 2 7 9 3 
3 9 3 2 0 3 1 5 0 0 C 9 0 0 1 0 0 0 1 2 0 0 0 0 15011 1 0 0 2 2 5 0 9 
4 2 9 ^ 0 1 8 3 0 0 0 2 0 0 0 - 0 6 3 3 0 0 0 2 0 0 0 1 9 4 0 0 2 1 1 8 1 1 
5 7 5 2 0 4 1 8 0 0 0 1100- 07 19000 1300- 2 2877 
5 4 7 1 0 5 2 6 0 0 0 1600- 0 2 3 7 4 4 0 0 0 2900 26002 1366 
4 7 6 3 0 2 30000 1 9 0 0 1 0 0 0 0 1 20000 600 12002 1314 
151 
Table B-l. Listing of Bodart Battle Data, Category 21 
(Continued) 
522116 32000 2000- 10 35000 1600 13002 2861 
595113 20000 1250- 0 4 24000 2Q00 2002 1 9 0 4 
465202 11000 700 20048 29000 1700 24002 1815 
525216 20000 1300- 1 0 18000 1800 7002 
413307 30000 200O- 0 4 15000 1000- 2 2809 
ahjlnl 45000 .30 OO— 02 25000 1 9 0 0 17002 1809 
iifty Ml i 
* «=iftnn \ nnn-
OA AQ ;o.nci sono? 473201 30000 2000- 0402 15000 1400 36002 2814 
498114 22000 1500- 04 24000 1 700 ?3nn? 1831 
06330639 22000 1500- 01 25000 2000 40002 1656 
240134 19000 1300- 01 170110 -.-15.00 _LZ6il_ 
177306 29000 2000- 30 21000 800 23002 1719 
l 6 0 0 0 
i i no 3nnn? 3?onn 1 7 0 0 7 a Lis 7 7 A ? 247105 23000 1600- 02 20000 1750 12502 2762 
367301 .15 3 0 0 . 1100- 06 22000 1000 30002 l a o a 
416304 1 9 0 0 0 1400- 07 30000 3000- 2 1810 
353201 . 25000 2000- 02 .200011. 1250 _ -272302-. liiOO 
5 12 c 11 3 9 0 0 0 3 2 0 0 60034 26000 1750 11502 2 850 - i / H h O 1 a 0 0 0 1 5 0 0 1 7 0 0 4 H 3 anno 1 7 no 3 0 0 0 7 7 H 6 0 
069101 12000 1000- 06 25000 2000- 2 2642 
470101 36000 ...3.000- 11204. 30000.. . 3000- 2 1814 
471301 25000 2 1 0 0 - 0405 39000 3000 10002 2814 
215105 20000 2-6-U.U 60002 . 330061. . . 2200 800? 1756 
47110112 3 4 0 0 0 5 000 5000*: 32000 2800 12002 2614 
/ h 0 0— 4nnnn noon ?OOOP 1 APQ 
500119 22000 2 0 0 0 - 07 44000 3000 9 0002 1832 
-24115202— 2 2 0 0 0 20U0 .120005 1^000 1000 1002 2760 
126209 12000 1100- 3714 22000 2000 19002 1702 
509111 211000 18713 3034 14000 1350 16502 2849 
441 101 2000 200 45015 32000 550 15502 1 1812 
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Table B-l. Listing of Bodart Battle Data, Category 22 
2 7 2 1 0 2 3 6 0 0 0 5 0 - 0 1 9 0 0 0 2 0 0 0 8 0 0 2 2 7 9 3 
194302 3 1 0 0 0 1 0 0 - 26 9 0 0 0 1 0 0 0 9 0 0 2 1 7 4 3 
105430 32000 10.0- 0 7 18000 3 000- 2 1 6 8 4 
430115 4000 C 250 110001 16.00. 8 0 0 10002 1 2812 
235305 30000 2 0 0 - 02 4000 1800- 2 2759 
3 9 0 4 0 1 2 4 * 0 0 2 00— On ] 1 NON 2 S O O 90 0 2 IHOfl 
296401 47000 500- 03 7 0 0 0 2000- 2 1794 
5 72104 50000 600- 07 1 GO 0 G 1500 15002 1877 
14610106 41000 500— 3005 19000 3000 10002 1706 
419101 60000 700- 15 6.0.GO. . 1000 50002 1 1310 
43121506 50000 600- 01 700 200 5002 1 2812 
2 5 4 2 0 H 2 5 0 0 0 ^2 0 - 1 0 1 1 O i i O 2 OOO— 2 1 7 7 A 
336301 25000 400 20002 6000 75 0 16502 1799 
299101 cOOOO 100.0- - -06 13000 4000- - 2 1794 
434104 33000 600- 37 26 0 0 300 Z3002 2812 
290305X12 50uOO -..900—. - 01 _.. ._.-5000 1 0 0 0 - 21002 2794 
47820i 30000 800- 0204 13000 2300 27002 2814 
- I 0 42()>- 2 7 0 0 0 6 3 0 - 0 1 1 2 0 0 0 1 500 5002 2 795 
111130 17000 400- 07 40000 10000- 2 1669 
55.6134 4.0 0 0 0 1000- - _ 0 1 -.23.0.0.0 250 0 170002 1 2870 
307301 24000 600- 46 12000 1600- 2 1796 
394201 - 16000 400- 15 - 2J»QGG 4000 .. 4002 1809 
109130 53000 1300- 07 8300 7000 13002 1 1688 
1 - • 1 0 4 3 7 ' 4 * 0 0 0 1 O O O - O-; ) 2 0 0 0 i 4 0 0 P r t O O ? 
27413601 35000 1000- 013c 14000 4000- 2 2793 
055209- -330.00 1000- - 30 27000 3000- 2 2632 
552134 51000 1550 5001 6000 1100 10002 1370 
368106 32000 1000 iOOoOi 2 ^ 0 0 0 3000 10002 2808 
330302 22300 700 10001 9500 2000 6002 2799 
NO 1 1 OO 0 0 4 ( , N O N 1 1 0 0 7 O O P 1 QH4 
186402 40000 1 5 6 0 - 07 17000 2 000- 2 1738 
-413206- 21600 700- 01 11000 1300- . 2 2809— 
594213 24000 8 50— 0 4 12000 1550- 2 1904 
3 3 5 20 3 -23000 - 8.0.0-.. ... - - Ox 10000 2200- 3 0002 2799 
510302 z2000 8 0 0 - 01 10000 1200 16002 2796 
4 V * - U Q i 4 , . r , o Si iO— 0 7 1 7 0 0 0 > 5 0 0 1 r O H ) 2 
1 H 05133006 2 6 0 0 0 10G0- 54 2 ^ 0 0 0 4 0 0 0 70002 lc.23 
0-7833.6 280G0 1060- 38 loOOO 5 0 0 0 60.002 1651 
431115 51000 1850 665001 5 0 0 0 1 3 0 0 37002 1 2812 
16.9.101 2.8000 1000- 06 3 0 22GG 700 13002 1 2/12 
10523014 26000 1000— 07 1 c 0 G 0 9000- 2 lo63 
6 7 7 10 4 2nOO 0 1 0 0 0 - 0 7 I o IJ O 0 3 0 0 0— I ri77 
0 3 2 3 3 6 c. 0 \j O <j lGoG- 1134 H O G G 3 0 0 0 - 2 1626 
3 8 5 3 1 5 19000 7 3 0 - 01 1 5 0 U O 15 0 U 3 0 0 2 2605 
2C33C1 5 0 G 0 0 2 0 0 0— •i 0 0 0 3 U "J L 1745 
1GGG— G<iO:> 1 G 0 0 0 
I 5 0 J — 1/94 0 6 8 1 1 9 J < 
I... ' . J V / v> b U 0- 3 j-> ( U I O T I 0 3 ' 3 ;J 2642 
15 3 
Table B-l. Listing of Bodart Battle Data, Category 22 
(Continued) 
1 nn]n<: 1 inQ— 44 -<d 7 4 2 3.1 3 on f, J 30 7 1 1704 570301 40000 1700 5 00 34 63 00 700 1002 2871 
071130 22000 1000- 0109 18000 3000 40002 1643 330101 22400 1000- 02 - r 00 2000 15001 x799 144230 13000 ooG- 17 2400.0 6 000- 2705 2 1920̂  32 000 1500 10005 140GG 1500 4002 1737 5*4;-.7t5 li)C 00 24 00- 02 7 ', 0 0 0 3 3 30 7 37 07 .) 3 3 • •> 5442C5 24000 1200- 02 51000 3700 21002 1 6 36 
277230 lOOQu 500- 4̂ 330OO 5 000- 2 2 7 75 ^avioi 300G0 1500- 03 02 t 000 0 1500- ' ; i 734 119201 26600 13.00-. OD 2G0U0 350.0 22002 1694 279201 30CCO 1500- 06 13000 3100- -> t_ 179 3 433 IGi 17006 300 5 00 04 i ono i son 6 002 .'i H 1. 7 2 7710308 240C0 13u0- 01 3000 1000 /0002 1 1793 
26/3ol 26GG6 15oG- . G3Gc 13000 2000- 2. 179-j 4.S510237 40000 22u0- 04 icGoG 3G00- 1312 05833006 35000 2000- 0937 2300G 6 000 60 J02 1 j34 395101 175G0 1000- 06 23000 3000 20002 j.309 -.;4r.4 0-- HI 600 i 6 ill: 470 no 5 7 00 7 307 7/̂ 3 25210504 26000 1300- 14 2cOOG 3 000- 2 2 7 94 
195203G2 35000 2050 ..450 01 26000. 2300 12002 2743 5 74 4 0 7 29000 1700- 04 15 000 2 00 0- . 2 1877 0562.0934 17060 1000- 30 i500G 7 00 0 30002 2533 5bi2Gl 2000G 1200/ 04 i ciOOO 2300/ . 3 1807 34 "i 1 0 3i.4 -in Hi in 1 ..t.;i 7 Hi Hi 1 i\A :.i.iA; n 3onn- 7 1 739 264301 32000 2000- 0 3 13000 40 00- 2 1 27 93 
0 9 / 2̂>.0 17.000.. 1100- 01 i4 0.00. 3500 24002 2o73 13312601 23000 13 0 G- 3005 1GOGG 450 0- ' ! 2 703 126130 4 6 GOO 300.0- 01 4400 1700- 2 1 2702 >3 >2G2 32000 ziou- 01 i IGGo 3.100- .3 i 1799 ^ 711 I 3nn i) a 2000- 0 5 1 5000 vnoo 40007 1 H06 442104 27000 16U0- 01 2500G 4000 30002 2ol2 
014101 j.5000 IGUO- Go ibOOG 3.00.0- 3 1645. 369101 30000 2000- 0402 7000 12UO 18002 1805 ^ /42C4 24000. 1600- 07 GOGG . 2400 6.0Q.2.. 26/7 262354 3I0OO 2100- 5o <i50G0 4000- > 1.793 16720 1 oOOOG 7 1 00- oa3o i 30 0 0 7 o 0 0 411)02 87712 27c303O2 43000 3GuG- 01 220OO 4000 13 0002 1 27 3 3 
40720i 11300 3G0- 06 20000 4000. 5002 1309.. 0 65 lib 14000 iOuo- Oo IbOOG 4000 60002 2665 4 7 9202.04 260.00 20uG- 01 >±\JUU 5U00 GuD02 lo!4 16233003 2.2000 icuO- OoOi 20000 5000 30002 1710 3-4 7 1 02 ; siiiju 7 I -A) 7-̂0 0 1 1 3000 3 40 3 47 31)7 7 799 5 2 7110 240G0 1600 10016 ibOOG l o U U 3 0 0 3 2 882 
317202 20000 1300 50001 2_>06G 3000- 2 4/96 314201 20000 1500- 02 14000 2500- 2 1796 45uiGi 4GG0G 3000- 04 *:0000 oGOG- 2 1613 071336 2GG00 1500- 58 16000 ouOO- 2 lo44 
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Table B-l. Listing of Bodart Battle Data, Category 22 
(Continued) 
331 1 1 4 j 4 O 0 G 0 2 400 2 0016 18000 .3000 30002 136 3 
05i.l3GC6 26000 2000- 34 21000 3 000- 2 16J.,_ 
<t681Ul 32000 2500- 05 . 24000 2500- 2 1815 
£ > * n i 2 4 4 2O0.s / * M ) O ? * 30006 ' . u o n - 2. 2 8 l r -
238302 38700 3000- 05 10600 6000 32002 17ou 
2«423£ . 25006 2600- 5 4 25000 . . 1500.0-.- 2 27 9 3 
496204 37000 5060- 07 15000 oOOO 90002 1 1 8 2.9 
0 5243-0.06. 24000 2000- 11 . .30000 4000 50002 1 5 2 6 
2051G246 30000 2500 5000106 2 5 O 0 0 4500 1 5 U 0 2 2 74o 
i l o V 4 n f S n n o n h o n o - Oil HO n o 2 2 01; 1 
_;7 72G4 36000 3000- 0 7 16000 3000 100002 2 1 6 7 ( 
571^34 26000 2200- 01 160.0.0 4800- 1 l o 7 G 
3 2 6 1 1 0 25000 2200 40016 22060 2 70 0 33002 lo62 
069101 3-4.000 3060- 06 1.6G.0C. 5 0 0 0 10302 2o35 
422301 17600 1560— 0 6 210uo 7 0 0 0 140002 1 18 11 
i 1 o n o 1 0 0 * . - 01 2 20i.ai 2 3 0 0 S i J 0 / 2 7 0 3 
419204 22000 2000- 07 35000 3 000 50002 1610 
317302 400.00 -3.8.00 ..iOOQOi . -200.60 4000- 2 . 1 273/ 
15120106 21000 2000- 0308 16000 5000 70002 2 / 0 / 
lc316.630 31000 30iiO-- ..01.- -.-.4.0.00 .1.6.0.0 2200^ .1 . 1 7 1 0 
33020^ 16400 1600 1 10001 14500 1500 3002 2 7 9 9 
4 1 1n 2 7 0 0 0 2660 2 4 0 1 6 "i 7 0 0 0 2 0 0 ii 1 4;J002 4 i 3 62 
5 1 6 1 0 1 22000 2200 100002 26000 4006 6 0002 1 / . v J 
174202 45600 4500- 07 16000 3000 120002 1 1 / 1 5 
806301 25000 2500 5000246 16000 3000 40002 1 795 
146208 .3.0.-0.0.0 30.00- JlGfc . 5 5 0 0 1000 40002 i 170Q 
311101 20006 2000- 02 13000 3 000- 2 17 7 0 
2 7 3 4 ^ 4 2 0 0 0 0 2 0 0 0 - 40 2 0 0 0 0 3 O i , 0 - 2 1 7 9 4 
26^354 20000 2000- 3 6 25000 3 000- R; C 2 7 93 
16610830 .30.600. . 30.00- 0.1... . . 30100 1600 ... 32002 1 1/11 
443104 26000 5 000- 01 25000 2200 0 302 2812 
261401 . 45000 ... . 5000- 0 3 06 . 500-0.0 . . .250 0 . .. .2.7 9 3 . 
506102 26000 3 5 0- 46 42000 700- 2 1843 
4 6 2 iii 1 14000 l o o o 4001 iOfi 2hOOO i 7(H) i;>02 I 2 H 1 4 
407101 33000 4000- 02 37000 3500 65002 1309 
-3.93113 40000... .460.0- . .. .0.4 1 3 00.0 900- 2 1904 
459405 16000 1900 20001 15000 900 10002 23 13 
53621 o . 250.00 ... 5GC0- 10 300011 . ..3.O.00..--.. ... 13002 - 2 6 6 4 
28920302 22500 2600- 01 44000 4000- 2794 
2 7h lis i 24000 4 0 0 0 - 0 3 0 6 1 OOOO 1 a 0 0 I 4002 2 7 93 
377401 26060 5500 70004 44000 3500- 2 i«06 
5 4 5 1 0 2 27 00.6 . .3.6.0.0 . 120005 32000 1300 1002 2o66 
242301 20000 2700 40034 16000 1300 5002 2759 
149130 30.000 430.0- . 0.106 42000 . 3600 32002 2706 . 
540116 37000 5600 70010 2 7000 1300 14002 2664 
461301 30000 4600 140002 30000 2400 22002 1809 _ 
1 5 5 
TABLE B - L . L I S T I N G OF BODART BATTLE DATA, CATEGORY 22 
(CONTINUED) 
316201 200CC 3500 130002 240G0 2200 40002 1 7 9 6 
154209 7000 1600- 04 33000 900 6002 1706 
454204 4500 1500- 07 35000 2P00 5002 1 3 25 
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TABLE B - L . L I S T I N G OF BODART BATTLE DATA, CATEGORY 2 3 
339110 43000 4400 60016 13000 2 000 20002 1664 
329210 4 0 C G G 4100 160016 18000 1900 12002 1664 
065 !30Ct) 14000 i5GG- 01 cGOOO t>000 3 00O2 1689 
12/230 25000 2700- G1G6 30oGG 5 5 0 0 - 2 2 702 
240303 30000 53GG 3 0 0 0 2 3 GO CO 3 3 0 3 22002 27oO 
t, Q J \ J'-; 4 I J 0 0 - 0 4 2 OOuG T I I I I I I ' ; - /' 1 1 7 
3 62 30 301 1400C 1600- 30 17000 2 0 0 0 14002 2 8 5 6 
055301 22000 2 5 0G~ 30 3200 G 4000- 2 io74 
41120 I 2 1 0 0 0 2 4 0 O - 0 6 23000 3 , 0 0 2 0 0 0 2 L E I 0 0 
5 C 7102 490.0 O 5 7 O O - 01 4 6 0 G 0 6300 17002 2o05 
45 3204 36000 45 0 0 5 O G I 4 3 2 0 0 O 7 0 0 0 2 0 0 0 2 7 . : > 3 j 
^ 4 3 I 0 i 4 0 u G— 0 4 7 3 I 0 0 3 3 0 0 7 0 0 0 7 
423201 26 0 0 0 3 4 0 0 30004 2 G 0 G 0 2 / O U 1 1 0 0 2 1812 
13130106 19000 23 0 0 - GG 13000 25oo 6 0 0 2 1705 
G751G5 16000 2GuO- 5 0 loCOO 4 U 0 0 3 - 3 0 0 2 2 O 4 3 
395201 160 .0 .0 2ouG- 13 3 0 u w 6 0 G G G - 2 1 5 0 3 
553154 3 5 G G G 4 3 0 0 40GG1 2 0 0 G G 4 1 0 0 - 13 7 1 / 
' ^ H I i . L 4 5 o G T <• : 3 i , W ! - I I 5 0 4 1 M : T : , ; 3 . .33 — 7 'i 1 3 0 / 
it -210330 oGGoG 60GG- Gi 6 0 0 0 3 U 0 U 3 0 0 0 2 1 1710 
1145o2oG 2 GG GO 2700- 0143 2 5 U U U 4-403 — 2 I U - ; i 
3 2 72 040 4 5 7Gou 3O0G 30G01 3 3 0 0 C 9 5 0 0 70 3 G 2 2 ( J J 
16010306 4GGGG 540 0- ol 70 Go 3200 7002 1 1705 
143201 22GGG 50v, 0- 5 0 2 4 0 GO 4G0O 5002 1705 
()<-. I i I I I ? 7 I 3 3 ) 0 i 1 4 0 0 0 4 GGO— 7 7 37 3 
05510937 5 O G 0 G 5GG0- 30G6 3 4 0 0 0 6 0 0 0 4 0002 2631 
iOixOi 30 GGo 440 0 - OoOc 3 G G G G 7 GOO 40UG2 2 A / 7 
26c205 3 5 GOG 5100- 37G2 3oG0 57002 1743 
16210146 40000 59C0 100G2 2 / 0 0 0 5 300 2002 17 34 
192203 28000 4200 5G0G2 2 L U L U 3 GGO 33o02 1 
I 1 ,31.1 4 « 0 O O 7 0 0 0 - 0 6 8306 4000 4 3 0 0 7 1 1 3 0 7 
1592oi06 26GGG 4000- 024o 23000 3o0 0 9002 x 7 4 4 
1263oi. 1/G0J 2700- 3 0 140OG 1550 103 02 1702 
46olo3 32G00 3I0G 500GI 21 GGo 4 4 0 0 - - > 1. 2ol3 
4941.04 IOOOG loGO- 07 3GGGG. 5000- 2 I 2323 
2 6 2 2 3 C . 2 5oGO 40G0- 34 4 G 0 0 0 8 0 0 0 - 2 2 793 
- I * - H ^ i ; 4 i 3 7 5GOO 40oG- 0 1 I - I O O O GOOiJ 1 O 0 0 7 7 3 0 5 
273256 126 wG 2000- 34 3 3000 3GO0-
1671.30.0 8 1 GGGU 5 G 6 G - 01 5500 2 0 O G 33002 1 1712 
205105 220GG 370G 3GGG237 3 3 0 0 0 4 3 GO 3 0 0 02 2 7 4 5 
0 7 O L O I 23GGG 4000- Go 2500G GoOG 0 O G O 2 2 6 4 3 
5 7 3 3 0 7 2oooG 3 5 U G - 04 5 3 O O 0 75 0 0 - 2 15 7 / 
4 3 S 3 0 i 2 3 " \ 4 i- 6 0 T 3 3 , N - 1 , 4 7 7 0 0 . ; 0 GOG- 1 3 1 7 
16^206 216GG 39G0 7 0o02 I S A O O GOG 0 2 7 4 1 
56oiu4 Z2GGG 4GG0- 14 2o00G G GGO 120002 2 2734 
2o2203 7ooG 13o0- 0106 31000 0 0 0 0- 2 1 2782 
212301 35000 6360- 08 2cOGG 55u0 205002 1 1747 
434204 23000 4300- 01 20000 3 700- 2 2812 
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Table B - l . List ing of Bodart Batt le Data, Category 23 
(Continued) 
1 7 0 no 2 0 i i O - 01 220O0 4 0 0 0 1 5 0 0 2 1793 
1 6 4 2 0 1 21000 4 0 0 0 - 3 0 0 8 1 3 6 0 0 3 0 0 0 2 0 0 0 2 2 7 1 0 
1 1 4 1 0 7 5 0 0 0 0 9 5 6 0 - 3 0 5 0 0 0 4 5 0 Q - 2 2 1 6 9 0 
1^4201 2 ^ 0 0 0 ^000— 3 0 5600 1800- 2 1 1703 
3 1 5 3 0 2 2 8 0 0 0 5 6 0 0 - 0 1 2 1 0 0 0 3 0 0 0 - 2 27 9o 
0 5 6 x 0 9 3 7 20000 4 0 0 . 0 - 3 0 2150 GO 5000- -> 2o3^ 
069309 2 5 0 6 0 5 0 0 0 - 30 5 0 0 0 0 1 G 0 0 0 500U2 2^42 
42511506 .32C6o 70 0.0. 3 0 0 0 1 16000. 6 0 0 0 - 2 2dll 
134101 1 8000 4000- 3008 22000 4000 20002 1/03 
1 2 3 3 0 9 9 0 O 0 / O i i l ) - 04 1 4 4 0 0 0 0 H O O O I > 0 0 0 2 i /OO 
266204 18000 4000- 07 15000 6000 70002 2 2/91 
3 55301 2.8000 6500 150002 31000 7 0 0 0 40002 1800 
516204 30000 7000- 07 16000 3000- 2 1 2855 
51520501 36060 70 00- 0 4 36000 12000- 2 1854 
425 ^ 0 1 18000 4 3 00- 06 18000 6000 160002 1 l o l l 
i 3 6 3 0 4 0 K 2 5 0 0 0 6 0 0 0 - 2 0 01 1 1 0 0 0 2 000 > 0 0 0 2 1 704 
05033C06 20000 5000- 34 2GGGG 5 0 0 0 8U02 1521 
170301 40000 10.00 Ĝ- 50 . 7000 ^000 . 5 0.002 1 1.713 
441201 24060 OGGO- 04 24000 8 000- 2 1812 
16330 630 26000 7000- 01 . ..-.7000. 340 U 360.632. 1 . 1 7 . 1 0 
4 3 6 2 U 1 55000 8800- 04 25000 6000- 2 1312 
0 0 0t. h O O O - U9 4 0 0 0 i 4 0 0 1 2 0 0 2 I 16 3 4 
077101 14000 4000- Go 30 16000 3000 50002 2t>43 
149^4430 ±050-0 ^000 _. ZOOOOlOfc 36000 14000- 2 1 2706 
5741o4 1 8 0 0 0 5400- 07 27000 7GG0- 2 2877 
495104 20000 6000- 07 .13000 . 6000 .. 70002 1 1628 
440204 3 2 0 0 0 10000 200001 27000 6 0 0 0 20002 2812 
2 6 7 4 0 4 4 2 0 0 0 1oooo— ij7 4 0 0 0 0 41 OOO Q 0 0 0 2 2 71'm 
061209 22000 7000- 5 0 3 7 30000 10000 80002 263o 
0742015** . loOOO 6 0 o 0 15 0030 1 oGoo 4000 20002 2645 
122101 30G00 10600- 0 6 12000 700 0 50002 1 1697 
072101 20000 bOoO- 5.0 . 16000. ..... 4000- 7 ... 2644 . 15813003 55C0O 14000- 01 luOoG 7 000 90002 1 1708 
4 1 S 4 0 i •44!) 0 0 i >::00 0 - Gfi 9 4 0 0 oo 4 2 0 0 2 1 1 MO -5 
420204 25000 12000- 07 1 5 0 0 0 6 0 0 0 - 2 1 1 3 1 0 
1 7 1 3 Go 40000 2 0 0 0 0 - 45 loOOO 6 0 0 0 - 2 1 1 7 1 4 
1 5 8 
T A B L E B - L . L I S T I N G O F B O D A R T B A T T L E D A T A , C A T E G O R Y 3 1 
235403 12000 5 0 - 02 9000 100 14002 2 759 
3C5146 23GGC 1 0 0 — 0 2 6000 300 13002 2348 
333402 19000 100- 01 6000 300 31002 2799 
567363 5500 30 0 0 3 1350G 910 .1.502. 2399 
246105 17000 1 oG- 02 8000 200 13 002 17o2 
25620? 3 7 0 0 2 0- 05 .1 00 0 0 6 0 0 - 2 7 7 79 
289402 9 0 0 0 3 0 - 01 6 G O 0 . - 0 0 6002 2 7 34 
124130 i5000 ioO- . Oi 5 GGO 550 1502 17 31 
354301 12 700 1 O o- Oo 1 2500 300 25002 1 8 0 9 
502111 H Q CO loo- 3 4 LOGO 150 6002 10 4 3 
169105 5000 5 0- 02 1 2 GO 6 0 10402 2 2 741 
5 IO2 04 4 0 0 0 5 0 - 17 ^ 0 0 0 7 0 0 1 7 0 0 7 1049 
353101 1550G 2 0 0 - 06 11300 1000 60002 130 9 
33410402 ilOOO . 3 0- 01 8 0 0 0 300- 2 2 / 9 3 
549265 14CoG 2 0 0 - 0245 7GoG 310 24902 1366 
2C6103 6500 J L 2 0 - 37. 5500 500 9002 2745 
5 4 5 4 0*. 1 3 0 C 0 2 G G - ol 4000 2 0 0 5002 2 7 9 9 
4-s i - O : * • 6 f ; C 0 1 O i - 0 4 3 0 0 0 3 0 0 3 J ( ! 7 I HI 7 
30414o It 0 0 0 3 0 0 5002 1 IGoO 4 0 0 2 502 2 6 4 3 
416201 oGGG 100- . Go 73 0 0 500 5 7 002 1310 
531316 16GCG 300— 10 5 Goo 3 G O 4GGG2 lb6 3 
237202 12000 2o0- . 05 4000 300 17002 2759 
3 7120 1 12000 260- 0537 9 0 0 0 700 H O 0 2 18 06 
0 :04 3 i 7 1 5 O I L 6 7 5 0 - 0 7 3 0 0 0 » O G - 3 8 4 4 
166101 •'. i 0 0 u 4 0 0 - G8G5 7 GGo 2 0 0 23002 1 2712 
15 5102 5 4 0 0 100— 01 . 6GGG 300 1502 2 7 4 3 
317101 15000 3 0 0 - 02 14000 400 16 0U2 1 7 >o 
30234c 55000 5GC- 02 5 0 0 . 0 . 200 ooG2 2343 
46930405 1 5 00 0 3GG GG1 4 0 0 0 400 6002 2614 
0 7 7
 :%0 5 1 0 0 0 0 4 0 0 - 3 0 I 0 0 0 . 1 O O P 1 0 i) 0 7 1 644 
3 685 03 8 b GO 2 0 0 - 63 2 G 0 4 0 - 2 1599 
191202 4 0 G G 10.0- 26 7 Goo 150 3 002 2742 
553202 3GGG 200- 01 3 0 0 0 200 13002 2 3 00 
14810 6 20GGw 5 GO— 0.1 O O 5 0 Go 500 4 7 0 0 2 1 .1706 
542101 GGGG 2GG- 0 2 3 G 0 G 30o 7002 1 7 9 3 
•435 2 0 1 2 0 0 0 0 8 w 0- 0 4 7 0 0 50 0 > i 3 i 7 
5t71cJ 1500 40 0 0 . 3 3 5 G O 6 5 5 4 5 2 2899 
5204 0 ^ 1 5 o G G 4G0- oi /GGo 400 11002 2 799 
84320 1 1 5 GOG 4 0 0 — 0 2 1 3 0 0 . 0 l2C0- 5 ' .7 99 
4 7 ^ 4 0 1 150GG 460- 0204 lOGGo 800 12J02 2814 
247234 16GGG 4 5 0 1503701 13000 603 160 02 2762 
4 ] 2 4 ^ 4 1 nCUiQ 3 0 0 - . . 3 1 _ . _ . . - 0 3 3 i N O O 7 0 0 3 i 3 0 9 
3 92301 14oGo 4 0 0 — I0GO0 1000 1 2 0 0 2 1808 
416201 2 7 0 0 G o o G - Go 2 G 0 O 2 5 0 2 0 0 0 2 1 1010 
56 7 ^ o 3 4 G G 0 1 2 0 2003 11500 900 1002 2699 
2 2 7301 1 GGoG 300- o3 6 0 0 0 GOO 22002 2/5o 
15310 1 1 1 0 0 0 3 3 0— 02 O 5 0 0 2 8 0 - 2 1742 
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I I I / / 3<t* IXIOLOG-.- . Lii—_. 1 1 < t OOO rtGO — 2 2 34ii_ 
429106 4500 150- 01 10400 600- 2 1 2011 
.146201 12000 400 80002 5000 300 l o a o z 1799 
304^02 6000 2_ 0Q- 01 12000 1000 5002 279* 
405206 900G .300- 01 6000 700- 2 2809 
064369 18005 06.G- 30 lOOuO 1 600 . . .4002 2639 
209301 20000 700- OCJ 9000 400 36002 i L /4o 
14000 5 6.0- 01 9 O O G 300- 2 2 7 5 3 
347^01 .11000 4oG- 02 12000 1000- 2 17 9 3 
5 i: ; V li 1 14 GOO 2*00- . 3 4 HOtiO ,<)>) ;v-i7o 53020> 5000 110- 12 32 uG 700 11002 28 66 
591301 8000 300- 06 12.0.00 200 . 20 J02 1608 366203 8700 330- 63 1500 30- 2 id 9 9 
132401 24000 5GG- 50 3500 300- 2 i 1/03 
36.-301 13000 500- 0336 17000 1700 63 002 2795 
1 -5 1 I I 1 2 iioiii; 0 II,- I not I I I I H I H I . I I . IT I . ' I / 4^ 234105 5000 20 0— 5202 10000 350 8 :>U2 273* 550101 
5 0.0 0 2 00- 02 700 G 230 14002 Id GO 32 3c 5000 2 00- 54 2 5000 1 5 0 J -
3 
w 2795 
4c9105 12000 3 00- 01 . 10.000. 300 5002 2814 
265502 , 7000 300- 01 15 GOO 12 6 0 - 2 1794 
/ 1 5 30 5 L50.00 7 0 0- 02 1 4 0 0 0 4 0 y 5u0 ' : 7 5 7 38o4G3 10200 5 00- 63 oOGG 2 0- 2 1399 
374101 15GGG cOG- 05 13700 1000 42002 1806 
33230i 8000 4 0 0- 02 GGGG 6 Go 20002 179 j 325201 0 G.G.C 3 GO-... 02 60GG 500 14502 1799 
333301 12GGG 600- 0<* 10GOG 1 oGQ 70 02 1799 ^ 7 3"i i i 2 0 0 0 6 0 0 - 0 2 4 0 0 0 4 0 0 ; n i i i i ? 
36 7401 17500 900- 02 95 00 400 1 7002 1796 
585103 
4 56 0 230 22G£,5 . 150.0 . 110 02 1399 357102 370GG 2000 110001 35000 1200 10002 2800 
573107 110.0 0 coO— ....04 .. 160GG 100 0-. 2 2377 
262303 2GGGG 1100- 01 ICOoG 700- 2 1782 5 7 6 2 1 6 ft 0 0 0 4 9 O - 1 0 1 tSOOO i 0 5 0 4 V>(J2 2 0 6 2 
256101 1 G6G0 lCuO- 0246 11GOO 300- 2 1794 5 3 8234 5G0G 5 00- .0.1 . ._GOOG xOGO 1002 16 70 549105 I C O O O 930 5O26 140GG 75 0 6 502 1866 
512211 40.00 260- 54. 12GGG 300- 2 2850 
27610i i 20GG GGG- 06 15000 20o- i— 2 793 2 7 £ 4 3 4 '•IOILO 2 0 0 - 01 iOiOC 4 OO 4007 2 7 88 36^201 9GGG 660- G2 4600 400 44002 4 2305 
303101 70GG 5 00- 04 . 80.00 4oO I 0 O O 2 1805 
140^30 7v.GG 560- 14 20000 2 000- 2 2 704 254303 oOGG 430- 10 . 2000 200 13002 2 17 76 
3562C1 
A 10 0 G 800 20GuZ 10000 700 6002 1300 0932JLiil 4000 360- 30 6000 300 9002 2674 
424201 4GGG 300- 06 11000 900 15002 1611 
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5 f c 5 2 0 j 3 4 0 0 £ O U 1063 1 2 00 ' 9 0 2 0 0 2 1 3 9 9 
2 9 5 < : G i 
1 0 0 C 0 5 0 0 - 06 20000 1 4 G U - 2 1794 409101 4 U 5 50002 2 2 0 0 0 2 0 0 0 - 2 1309 
4 i t l J i 6 C 0 0 5 0 0 - 06 1 2 0 0 0 1000 52002 1811 
6U01L. 5 > a a - „ _ . 0J 1 wUUw . 9 0 0 6 0 0 2 1870 
4 7 2 liil i O O i i - 4H<< 1 i i:(:C. } 0 < I O - 2 1 —21106. -
352201 6 0 0 0 3 0 0 - 0 2 4 OoC 4 0 0 7502 1 8 0 0 
534x02 5 0 0 0 1 5 O— 5000 i ^ 5 " Z 2 0 0 4 2 / 4 J U i 1 0 5 0 v ; 9 u 0 - 0 2 5 0 0 0 o u G - 2 1795 
246201 1 2 0 0 w 1 1 0 0 - 3 4 . i o o u o 7 0 0 6 0 0 2 i / u 2 
34415 3 1 6oC0 1 5 0 0 - 05 9 0 0 0 3 0 6 9 0 0 2 l6oo 
6 1 8 3 0 1 OiiiL . i 0 0 0 > 1 1 oo 4 i ) 0 7 7 H V V 
464303 500C 5 0 0 - 1 0 7 0 u u 3 0 0 - 2 1614 
-4^469 3 5 0 0 5 00 5 0 0 0 5 5 0 O O 3 0 0 - 2 1760 
3 4 4 4 6 1 3 2 oo 3 ^ 0 0 3 0 0 4 7 0 o o 4 5 3 1 7 0 0 2 2 799 
523210 12000 12oo 20016 loGOO 1100 5 0 0 2 1362 
3 6 6 3 6 3 5000 300- 0 3 1 0 o 0 1 1 1 0 1102 2 9 0 0 
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485110 6000 20- 03 12000 2000- 2 2815 
254410 2400 10- 03 15 00 13.00- 2 2776 
110130 2000C 100— 07 5000 2000- 2 1639 
5 06202 16000 100- 17 oOOu I 000. 12002 1848 
5 11204 11000 1G0- 17 6000 1100 12002 1349 
773705 1 f.OOi. i 00- 01 1 7oO UK) 9007 i 73 3 310304 2CGO0 200- 1 7 6GG0 2 000- 1849 327301 9cuC lGo- 02 34GC 3OO0- 2 1/3 3 519201 9000 100- 5 7 70 oG 60 u 12002 17 - < 44^304 45 00 30- 14 
5 3 Oo 300 8002 2312 412125 16000 2 00- 0126 I G 0 0 G 1700- 2 2 0 0 9 
590 i r, •'- 1 5 0 0 7 ii Or. 3 17 00 i 6 0 4407 7 9U0 3463 02 I5io0 2 0 0 — 01 7000 1000- 2 2 ( v5 
264.106.. bGCG lUO- 01 I 0 0 G O 2500- • ? £~ 1795 
:473ol 6000 loO- 0 6 4000 1700- 3 1 18 
14.2.2 08 14000 . 2 0 G - 0.1 15GG0 2 G O O - 2 1708 
345301 7000 10 0- 02 5 000 1200- 2 2 7 9 9 
7 0 6707 7 0 0 0 120- 0 i / 0 5 0 3 0 0 0- 2 1 7 90 2 7120549 13 000 20 0- 01 1300 180 18202 3 2 f 92 229 234 13.0.00 200- 37 . 600.0 . 1200 27002 . 1760 4C6201 i. 3000 2G0- 06 12000 2 00 0- 3 1809 324101 •20000 . 3G0- 15 6000 2000- 2 1 7 Jo 
451205 13400 
2 3 0- 01 5 0GG 140 0- 2 2313 5 R 0 4 . - 6 0 0 0 i Hi— ? \ '-i ii Oi i 5 0 0- 7 510104 12000 2 0 0- 17 70 OG 1300 5 00 2 2549 417201 6 COO 1 0 0- 0 .3 1 8 G 0 . + 0 0 14002 1 1810 579204 i 6 C G 0 3 0 G- 07 1 GOGG 0400- 2 18 7 b 40.6402 11000 2G-0- 14 63-GO . 1100 .  6002 1609 
4062u2 15000 300- 26 5 000 600 2002 1G05 
5 7, ? 04 \ 0 0 0 0 7 0 0 - 0 7 7 OoG 1 00 0- 7 '477 510417 10000 200- 02 6000 1000- 2 2349 
31O3LL2. 150.00 . 3 GO 30GG1. 60.00-.. 1100 13002 2 796. 
054209 2 0 0 0 0 400/ 30 GGGG 1700 8002 2 lo31 
.0557309. .. 5.C00 10 0- 30. 0 0.0.0 1500 3002 2634 
^42202 20000 40 0- 01 73 00 2000- 2 2 799 
7 50 00 ' J O O — 0 8 3 G 3 7 0 0 1 0 0 0 3 7iii)7 1 77 17 426103 5000 100- 01 5000 2 000— 2 2811 
50110 703 4/CO 100- 19 5000 2000 12002 2 1340 
329101 45 00 100- 02 fo50G 1000 40002 1799 
3274.01 9000 2 0 G - o2 6000 1100- 2 1799 
430201 8000 20 0- Go 1G000 1200- 2 1312 3 7 7 2 0 1 i 2 000 }GG- 02 22'GG 400 11002 1799 260201 3000 200- 06 6000 1200- 2 2793 
262402 duCC 200- 01 4000 1200 16002 179 3 
2 7 7454 200 0 0 3 0 0- 36 3000 4000- 2 2 7 9 3 265386 20GG0 300— 34 7000 6 O O 0 - 2 2793 
144330 2000 D O - 26 4000 3500- 2 1705 
? 563Q2 1 1 GOO _ ... 05 . 5000 400 11002 1779 
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2 * 0 4 ^ 4 1 1 0 oo 36 6 0 0 0 4GGG— 2 2 7 ̂  "4 
172104 18000 500- 09 3000 2500- 2 1715 
224202 3500 100- 05 2800 750 2502 2756 
25d2G3 10000 300— 10 7000 loOO 60002 1 2 7 8 0 
244303 1.0000 3 00- 04 400.0 .60.0 161102 2761 
207303 10000 3o0- 50 6000 1000 5002 1746 
3 7a>o? no 2 I , 0 - *'M 7 0 G G I o o o - • > 79.3.... 
368101 13000 400- 02 3000 1500- 2 l O O . . ; 
243303 12500 400- 5701 3500 600 20002 27 61 
253103 18000 600- 10 8000 900 4002 1 / 7 7 
255303 15000 500- . 10 10000 1200- 2. 1777 
389215 15000 560- 01 4400 600- 2 0 8 0 6 
^ 7 3 20 1 1 7 1 2 0uO 4 I ; 0 - 02 40 OO >>Oo 1 7 0 0 2 2 4 1 4 
245105 12000 4o0- 04 15000 2500 4002 2761 
4 73101. . 180 0 0 600- 04.02 5000 2400- 2 2 6 14 
1394 30 3000 100- 17 12000 4000- 2 .1704 
503202 19000 .oi/ 0 5046. 4000 700 ..32002 1848 
336202 11000 400- 01 5100 400 2 7002 1 1 7 9 9 
5 8 9 4 0 4 I 2 0 0 0 4 4 0 2 00 4 7 0 0 0 4 0 0 02 1 9 0 0 
267401 14000 5 0 0 - 53 2000 500 3 002 1 1 7 >4 
2 3.730.3 5400 20.0- o l . 2800 500 . 10 02 2760 
480301 13000 500- 37 9000 1000- 2 2814 
265106. . . 8000 . 300- . 01 5000 4000- 2 1753 
392201 15000 600- 06 900 0 1 0 0 0 15002 1808 
4 1 1 2 0 1 1 00 GO 4 0 0 - 06 H GOO 1 onn , 5 00 7 1 406 
350401 3000 200- 02 3000 400 i4002 1800 
205245. 2500 .16.0- 03 2800 400 10002 2745 
250404 10000 400- 07 16000 .3 0 0 0 4002 1770 
2763.02 2500 100- 01 80.00 4 000 20002 1793 
146301 5000 200- 30 2000 600- 2 1 1706 
4Q2101 7 3 0 0 0 l o n n - 0^ •4 5 00 1 50 0 7OH07 1 1 0 0 H 
135417 10000 400- 30 2400 1600- 2 2704 
130226 1.2 000 .5 00- .. 50 10000 1200 13.002 . 1703. 
26830302 12000 500- 01 10000 3000 5002 2 794 
540101 .120.00 500- . . 02 600.0 ... 3000- 2 179 9 
157308 7000 3 00- 2601 13000 2 000 80 02 2703 
2 4 ^ 4 0 2 7 0 0 0 3 0 0 - 0 3 5 00 0 1 400— 2 1 7 6 7 
412203 15000 650- 01 3000 1000 2 0 0 0 2 1 1309 
21214602 .70.00 300- . 01 14000 5 700 5002 2747 
388301 7000 300— 150c 3000 2000- 2 1808 
245334 17000 750 35001 6000 700 53002. 1 2762 
207406 9000 400- 02 4000 1600- 2 1746 
4 2 5 4 0 > 4 3 00 7 o O - 0 1 5 3 0 0 4 0 0 >OH)7 2 7 ^ 0 
446304 15000 700- 01 12 000 200 0- 2313 
377301 18000 650- 04 5500 1400- 2 1806 
201102 17CC0 800- 012o 7000 2400- 2 1745 
179406 16600 aoo- 30 6200 1000- 2 1734 
1 6 3 
Table B-l. Listing of Bodart Battle Data, Category 32 
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1 3 1 1 0 9 2 0 0 0 1 0 0 - 3 7 1 4 1 2 0 0 0 1 3 0 0 7002 1 7 0 3 
7 4 4 1 m i ? O N N ^ N O — on I ; N N N i 3 n n - ? 1 7 Q 4 
4 1 5 1 0 1 1 2 0 0 0 O G G - 0 6 1 S 0 G 0 2 0 0 0 20002 1 8 0 9 
3 2 7 1 0 4 £ 0 0 0 4 0 0 - 0 1 4 O O 0 5 0 0 5QQ2 1 2 7 9 8 
4 ? ^ 1 5 1 F I F I N N ^ N N — 
0 1 1 2 0 N O l ^ o n - I 2 8 1 1 
2 7 2 3 0 1 1 0 0 0 0 5 0 0 - 0 2 6 0 0 0 8 0 0 - 2 2 7 9 3 
2 I J Z 1 0 3 0 1 I 2 0 0 0 L O G - - 0 1 7 0 0 0 1300=.- 2 2 7 9 4 
1 2 7 1 0 1 4 0 0 0 2 0 0 - 0 1 2 8 0 0 O O O 4 0 0 2 2 7 0 2 
4 6 / 1 1 1 1 0 0 0 0 5 0 6 — . 0 4 0 9 - 4 0 0 0 1 1 0 0 - 2 2 B 1 3 
3 5 0 3 0 2 2 0 0 0 0 1 0 0 0 — 0 1 7 0 0 0 2 0 0 0 - 2 2 8 0 0 
3 4 0 2 O J 1 7 0 0 0 6 0 0— 0 7 H O L / I ) 7 4 N N — 7 1 7 9 9 
4 3 2 1 0 1 4 0 C O 2 0 0 - 0 6 1 0 0 0 0 3 0 0 0 - 2 1 8 1 2 
1 5 5 X ^ 0 1 0 0 0 0 5 0 . 0 - X 7 1 6 0 0 0 6 0 0 0 5 0 0 2 2 7 0 8 
4 3 7 1 0 4 6 0 0 0 3 0 0 - 0 5 1 5 0 0 6 0 0 - 2 2 8 1 2 
4 2 7 3 0 1 1 2 2 5 0 0 1 0 0 0 - O O 3 0 0 0 4 0 0 . . . . 2 O Q 0 2 L 1 3 1 1 
4 4 8 4 0 5 4 8 0 0 2 3 0 — 0 1 2 6 0 0 3 0 0 4 3 0 2 2 3 1 3 
3 4 3 7 0 1 1 I 5 0 0 ni >• I I — 1 1 7 0 4 i N N N O 1 5 0 0 3 5 0 0 7 I / 9 9 
0 6 7 4 0 1 7 5 0 0 4 0 0 8 0 9 0 0 0 4 0 0 0 3 0 0 0 2 2 8 4 2 
- 2 5 1 0 2 I X C G C . . - 6 - 0 - 0 - . - - - 0 5 7 0 O 0 9 0 0 1 5 0 0 2 2 7 5 8 
2 2 6 2 0 3 1 1 0 C 0 6 0 0 - 0 1 6 7 0 0 1 1 0 0 5 6 0 0 2 1 1 7 5 6 
4 4 9 2 0 4 2 0 0 : 0 0 I I O O - 0 1 6 3 0 0 2 1 0 0 _ 3 0 0 2 - 2 B 1 5 
1 7 2 2 0 5 3 7 2 2 0 0 0 1 2 0 0 - 0 9 7 0 0 0 2 0 0 0 - 2 1 7 1 5 
7 4 ) 0 - 1 7 7 4 T H . RTON- 7 0 0 0 7 1 7 0 4 
4 7 7 3 0 2 C C C C 4 5 0 4 5 0 0 1 5 0 0 0 8 0 0 5 0 0 2 1 8 1 4 
4 4 2 2 0 4 3 3 0 0 2 0 0 - - 0 1 . - . 2 0 0 0 2 5 0 1 7 3 0 2 2 8 1 2 
2 8 0 3 5 4 7 C C G 4 0 0 - 3 6 1 8 0 0 0 3 G O G — 2 2 7 9 3 
0 5 9 3 0 9 . 7 0 . 0 0 4 0 0 - - 5 7 7 0 0 0 2 4 0 0 . 2 6 0 0 2 1 6 3 5 
3 0 6 4 0 1 1 4 0 0 0 8 0 0 - 3 2 4 0 0 0 2 5 0 0 - 2 1 7 9 6 
•-4?#'i5i"L 1 ^ 5 0 0 
711 N — 
4 R 4 5 N N 4 N N N - i 7 4 a 
5 7 5 1 0 1 1 2 0 0 0 7 C C 4 0 0 0 4 9 0 0 0 1 1 0 0 3 0 0 2 1 8 0 7 
5 6 1 1 L 5 I 1 2 0 0 0 7 0 0 .—021 1 5 0 0 0 3 5 0 0 3 0 0 0 2 2 8 9 4 , 
3 7 4 2 0 4 1 7 C 0 0 1 0 0 0 - 0 7 1 1 0 0 0 1 4 0 0 - 2 2 3 7 7 
0 7 5 3 0 6 1 7 0 . 0 0 - - . . . 1 0 . 0 0 - - - . 0 1 - 1 2 0 0 0 4 0 0 0 - z . 2 6 4 6 
4 6 6 3 0 5 1 0 0 0 0 6 0 0 - 0 1 4 0 0 0 5 0 0 1 0 0 0 2 2 1 6 1 3 
4 « I I 1 ft } 1 0 0 0 0 0 4 H X N N 1 5 0 0 - 7 7-si 4 
3 5 0 2 0 2 1 0 0 0 0 6 0 0 — 0 1 3 5 0 0 1 0 0 0 - 2 2 8 0 0 
4 8 5 4 0 1 2 L 0 0 - O O - - C O O — - - . - 0 5 5 0 0 0 I Q O O - 2 1 6 1 5 
4 5 8 3 0 4 0 5 1 2 0 0 0 1 1 0 0 - 0 1 4 3 0 0 6 0 0 1 9 0 0 2 2 8 1 3 
5 6 A 1 8 4 . 1 6 0 . 0 0 . I O O O - . . . - 0 1 - 1 1 0 0 0 L O O Q 7 0 0 2 1 8 / 0 
3 4 1 2 0 4 8 0 0 0 5 0 0 - 0 1 0 8 1 1 0 0 0 1 5 0 0 - 2 2 7 9 9 
7 * 0 1 O 1 H O N O 5 0 0 - An 1 0 0 0 - 2 7 7 9 3 
3 4 1 1 0 1 8 0 0 0 5 0 0 - 0 2 4 4 0 0 2 2 0 0 - 2 1 7 9 9 
3 6 4 2 0 1 1 6 2 0 . 0 0 - - 1 0 0 0 - - 0 2 8 0 C 0 4 0 0 0 - 2 1 8 0 3 
3 7 6 1 0 7 2 0 0 0 0 1 3 0 0 - 0 4 5 0 0 0 1 9 0 0 - 2 2 8 7 7 
2 7 1 4 0 1 1 2 0 0 0 8 0 0 - 4 6 7 G O G 8 0 0 - 2 2 7 9 3 
3 3 5 3 0 2 1 5 0 0 0 1 0 0 0 - 0 1 7 0 0 0 6 0 0 - 2 1 7 9 9 
1 5 0 1 0 1 1 5 0 0 0 1 0 0 0 - 30 1 0 0 0 0 1 5 0 G 25002 1 7 0 6 
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1 5 7 2 0 1 3000 2 0 0 - 05 1 2 0 0 2 0 0 1 0 0 0 2 2 7 0 8 
4 1 1 1 2 5 1 5 0 0 100- 5 2 2 3 0 0 5 0 0 7002 2 3 0 9 575 3 0 4 1 2 0 0 0 aoo- 07 50 GO 1 .500- 2 2 0 7 7 
0 5 81 s- 7 1 3 0 0 0 1000- 50 1 2 0 0 0 
4 000 4 0 0 2 26.34 1 0 3 3 3 0 3 0 0 0 200- 07 1 5 0 0 0 5 0 0 0 20U02 16 86 1 5 9*0! 6 0 0 0 4 0 0 - 30 7 0 u 0 2 600- 2 1 7 0 9 
0 742 40 I 0 0 0 6 /oo- G I G S \ 1 Ooo ] 5 0 0 7 no 07 7644 
4 1 7 1 0 4 2 3 0 0 0 1600— 07 30u0 5 0 0 0 20002 2 i d 10 D23310 1 4 0 0 0 1 0 0 0 2 3 0 1 6 
110 0.0 1000.- . 3 5 0 2 2 3 6 2 2 4 4 1 0 1 1 4 0 0 0 1000- 34 7 0 0 0 800 1 2 0 0 2 1761 3 5 3 1 0 1 1 4 0 0 0 
10 0.0- 02 6 0 0 0 1000 1 3 0 0 2 1 CJJ 4 7 2 3 0 4 7 0 0 0 500- 01 4 0 0 0 500 3 5 0 0 2 2 1814 
4 l 4; 1)4 7 0 0 0 9 0 o- 0 7 sOGG 1 3 0 0 4 0 0 7 1 4 0 9 3 5 1 4 0 2 1 4 0 0 0 1G0G- 01 7ooG 2o00— 2 2 3 00 
3 7 0 1 0 2 1 1 0 0 0 
6 0 0- 2i3 7 0 GO 1 O o o — 2 1303 3 7 0 4 0 3 4 8 4 8 0 0 
35 0- 01 43 00 17 00- 2 2oOo 3 5 1 1 0 1 .40.00 300- 02 . 4300 500 1.500.2 16 00 2 7 4 > 0 2 4 6 bOOO oOG- 01 1 uOOO 2000- 2 2 7 9 3 
, 9 4 ! 0; i 3 3 00 1 G o G - GO 1 1 7 0 0 i SOO 1 5 0 0 2 1 0 09 2 8 t 3 0 1 2 0 0 0 0 150 0- 0 2 4 6 8000 3GG0- 2 2 794 
4 1 6 4 0 1 1 3 0 0 0 . 1 0 6 0 - . 
0.6 .... 
5 0 0 0 . 1700 7 3 0 0 2 . .1 1 8 1 0 
5 3 4 2 0 2 5^00 430- 11 cOOG 90 0 1002 2 3 6 4 
3 0 7 1 0 1 -9.OG.0 
7 00- 0240. .400.0 . 3 G G 0 - 2 17 96 0 5 2 2 0 3 1 0 0 0 0 8O0- 14 1 5 0 0 0 2 2 0 0 - 7 2 6 2 6 5, inn 4 0 O 4 0 4 n O 0 7 G G 7 4 0 0 7 2 5 4,4 4 9 4 3 0 7 2 0 0 0 0 1 6 0 0 - 04 oO GO 1 4 0 0 - i- 7 32 5 
0 8 4 2 0 9 ... .25.00 . 20X1-. 04 
.1.00.0.0 
.. 3.000- 2 16 57 
2 3 4 3 0 3 8 0 0 0 65 0 - 01 
43 00 1 3 0 0 - 2 1 7 5 9 4 2 1 1 0 1 1 2 0 0 0 . 1 0 0 0 - ... .. . . 06 1 1 0 0 0 1 5 0 0 9 5 0 0 2 1 1 8 1 0 
2 7 6 2 5 4 1 2 0 0 0 iOGo- 36 I4G0G 4 0 0 0 5 000 2 2 7 9 5 
454401 6fion 5 0 0- 02 4 0 0 0 noO 1 40 07 1 800 5 6 0 3 3 4 6000 5 00- 01 8 0 0 0 1400 1 2 0 0 2 2 1 8 7 0 
0 6 6 2 0 . 6 ... 16.0.00 1 5 0 6 - ui.. ... 10000 2 0 0 0 1642.. . 4 4 7 1 0 4 0 5 3 0 0 0 2 5 0 - 0 1 3 7 230G 300 20002 2 8 1 3 
5 5 6 1 0 1 6 0 0 0 500- 0 2 4GOO. . 10GG 1 0 3 0 2 1 7 9 9 
0 7 6 3 0 1 1 2 0 0 0 1 GOG— 0 6 i lOOO 3000- 2 6 4 8 
0 9 6 4 4 0 OOOO 5 00- 0^ 6400 7 000 3 0 07 • 0 7 5 0 6 9 2 3 6 1 2 0 0 0 1 0 0 0 - 3 8 1 0 0 0 0 4 0 - 2 l o 4 2 
3 3 6 . 4 0 1 . . 6 0 0 0 . . 5G0-:. 02. 5000 . 145.0- 2 . 1 8 0 0 2 0 3 1 0 4 1 2 0 0 0 . 
IGOG-
07 5 0 0 0 3 0 0 0 2 0 0 0 2 2 2 7 8 7 
2 5 6 4 0 4 12000 10G - 14 10000 6 0 0 0 - . . 1 .. 2754... 3 3 1 3 0 2 6 0 0 0 5 00- 01 3500 1100- "> i_ 2 8 0 0 4 9 4 2 0 4 7000 n O O - 07 1 1 OOD 4 5 0 0 1 5 0 02 1 2B2 8 3 5 9 3 0 3 1 5 0 0 0 13o0- 1 
5 000 7 0 0 - 2 2 8 0 1 1 7 4 4 0 7 2 3 0 0 0 2000- 02 1000 600 4 0 0 2 3 2 7 1 7 4 3 4 3 0 4 9 0 0 0 8 0 0 - 01 10000 1 2 0 0 3 0 0 2 2 3 1 2 0 7 7 3 3 6 11000 1 0 0 0 - 38 2.5000 3 0 0 0 1 0 0 0 0 2 x 6 5 0 
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Table B-l. Listing of Bodart Battle Data, Category 32 
(Continued) 
078101 11000 1000 03106 9000 2000 30002 2650 
4 7 7 ?nl i i n no i non- 0405 1 hOOO 5000 10002 79314 
14013704 6500 600 40009 9000 2000- 2 2 704 
354102 7000 650- 01 .. 3 000 1000- ...2 2800 
126304 15000 1400- 0 9 4000 1200 4002 2 702 
061101 10060 xo 00— 08 - 12000 200X1 —31302.. _.2a86 
07620901 20000 2000— 30 l o o o o 1800 2002 2647 
9^6 7 3 4 4 0 0 0 4 00 10001 0 0 0 u 1 8 0 0 4002 1 0 70 
172407 10000 1000- 02 3000 700- 2 2713 
187302 10000 1000- 07 20000 5000- .2...... .. 1738 
at i finnn 1 n n o - n 1 110^0 ^800 4*002 1641 125104 12000 1200- 09 5000 1400 4002 2702 
28630802 10000 1000- 01 700.0. 2000- 3 1794 
060309 5000 500- 30 3 0 0 0 1000 5002 2636 
16320830 . .9000 900-. . . 01 3 0 0 0 . .1003 20002 1 1710 
499115 2 0 0 0 0 2 0 0.0— 07 4000 1400 26 0 0 2 1 1831 
7 52 7n4 t on on i n n o - 0 7 i oooo 4onn 4 0 0 0 7 1 7 771 307201 16000 1500- 02 6 0 0 0 3500- 2 1796 
346401 .. iOOO 1 0 0 - 0.7 .. . 80.00 4 0 0 0 - 2 .1799 
063101 5000 5 0 0 - 06 7000 4000- 2 1688 
214101 1000 .100- . 03 . 2300 150 0— 2 1755 
475102 6000 650- 01 1 iOOu 1 0 0 0 3002 2614 
7 7600 5 0 0— n i £5 no 4 0 0 i o n ? 7 7 5 H 12520106 10000 1200 3 0 0 3 0 6 0 0 0 800 4002 2702 
2552111 5000 oOO- .........03... 6000 . 600— — 2 .... 2777 
24520204 14000 1700- 05 4 0 0 0 400 36002 2 1761 
35210-1 6000— l o o o - 112- - -10.000. . . . 950 -1.35.02 13 00 
406101 12000 1600— 02 9 0 0 0 700 15002 1809 
3 1 7 4 1 1 v-mn 4 5 0 - 9 4 3 1 5 0 0 7 0 0 - 7 7 1 8 50 
495304 7000 1000- 07 20000 1000- 2 1826 
053830 / o o o 1000- J.1 - 60 00 600 10002 _.. lo26 
309201 1400C 2 2 0 0 - 3452 e o o o 3 0 0 2 1796 
301310 ._ 4400 720-.— . - -5.9 20000 .200.0- .. . 2 1347 
3 25301 3000 5 0 0 - 19 12000 1GGO— 2 1798 
74rf4 1 4 60 on 1 onn— 0 4 i nonn i n o n - 7 7 7 4 7 
32510 1 1100 200- 03 5 0 0 0 400 3002 1798 
241302 8000 1500- — 05 - 10000.-..- 600- — 2 -2762-
521160 3500 700- 48 5 0 0 0 2 0 0 - •> i— 2860 
263207 3000 1600- 02 aOO-0 550- 2 2788 
229303 4000 1000 40001 7300 600- 2 1 2756 
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Table B-l. Listing of Bodart Battle Data, Category 33 
4 6 4 1 0 6 1 9 0 0 0 2000- 0 1 3 5 0 0 1 3 5 0 2 1 5 0 2 1 2 8 1 3 
3 1 5 4 G 2 19500 2 1 0 0 1 5 0 0 0 1 1 0 5 0 0 4 4 0 0 - 2 2 7 9 6 
3 2 1 3 0 1 11000 12 00- 0 2 8 0 0 0 1000 3 5 0 0 2 1 7 9 7 
06 6 1 0 1 9000 1000- 06 ...18000 ... 2000- 2 .2639 
332202 18000 2000— 01 6500 1000- 2 2799 
355102 9 0 0 0 1 0 00- 02 1 7 0 0 0 2000 80002 1800 
225301 3600 4 0 0 - 03 15000 2000- 2 2 756 
503317 9000 1000- . 02 ... 8000 . 2 0 0 0 - . 2 2649 
254i0i 9000 1000- 05 6000 1500— 1794 
2282U1 .7000 800— 03 .. 6000 1200- ...... 2 2760 
351202 7000 8U0— 01 5000 1000- 2 230 ) 
3 3 9 7 0 4 5 5 0 0 6 5 0— 0 1 2 0 0 0 8 3 0- 2 2801 
132201 42.00 5 00- 30 5000 800- 2 1703 
466302 . .5060 600 50001 _ 18000 .3000- 2 2809 
326402 7500 900- 01 12000 ooOO- 2 2799 
13dl04 25000 ....3OO0-... 09. 45.00 2500 20002 1 2 704 
4712ul 5000 6U 0— 04 4000 2400- 2 2614 
i <-Q4i.6 i 4 0 0 ( 3 i 7 0 0 - i i ! - 0 0 0 4 0 0 0 7 0 0 0 7 2 7 1 2 27730306 9 0 0 0 1100- 01 11000 2 0 0 0 - 2 1 793 
522216 ...10X100 1230 7.010 2....6.000 ... 1140 1 .602 1361 
45220i 4000 500— 06 7000 1 0 0 0 - 2 1313 
16410106 12000 1500- ... 03.15 . ' 40 00 600. 34002 4 2 7 1 0 
19820106 24060 3 0 0 0 - 46 6000 1100 4002 1744 
^ I POi 4 0 0 0 50G— 0 7 7 6 0 0 0 6 0 0 0 5 0 0 7 1799 
059201 4000 500- 0630 6000 1500 20002 2635 
102309 8060 1000- 11 7000 2000- 2 2 6 7 7 
360103 12000 1500- 01 10000 3000 5002 2301 
297304 .. 8 0.0.0 1000- 14 12000 4 0 0 0 - 2 2794 
421304 8000 1000- 07 10000 4000 14002 2 1 3 1 1 
0 0 0 0 8 0 0 - 0 4 3 0 0 0 1 uO 0 - 2 170 1 
551357 3000 400— 01 7000 1000 14002 2867 
572307 15000 2000-... 0.4 10000 iuOO- 2 .  2o77 
537216 6000 600- 10 16000 3000- 2 2364 
2 53404 6..QO0...... 3 0 0 - 07 10000 2000 200.2 1773 
428201 15000 2000- 06 7000 2000 5 0002 4 1311 
o f44 0 I 1 5 000 2 000- 0635 1 2 000 4 000 30002 2658 
450101 13400 1800- 0504 7400 1200- 2 1813 
576304 23000 3500- 0.7 4 0 0 0 15011 25002... 1 3 7 7 
06 /115 14000 2000- io 1 6 0 0 0 4000 o0002 2663 
14310 9 7000. 1000- . 0 4 20000 5000- .. .2 1 7 0 5 
57 3 2 07 14000 2000— 04 10000 3 000- 2 1877 
580 36 2 1 1 0 6 0 1 6 0 0 2 0 0 2 0 i 4000 4 4 0 0 8002 2691 
563310 12700 1650 006 1300 650 i502 1898 
124209 8 000 . J.200- 1404 20000 2800- 2 1701 
1 3 520106 10000 1 5 0 0 - 3 0 4 0 0 0 6 0 0 3002 1 7 0 4 
1 6 3 1 0 6 1 0 0 0 0 1 5 0 0 - 3 0 6 0 0 0 1 0 0 0 5001)2 1 1 7 3 4 
4 5 5 2 0 3 12000 1600- 0 1 1 1 0 0 0 2 0 0 0 60002 2 8 1 3 
1 6 7 
T a b l e B - l . L i s t i n g o f B o d a r t B a t t l e D a t a , C a t e g o r y 33 
( C o n t i n u e d ) 
2 58 30 3 LIMA 300- LO 4000 900 10007 i 7 h 0 
323203 10000 1500- 43 1*000 5000- 2 1793 
3 80101 10000 13 00- 04 7000 2DUG- 2 1807 
U5l234 i3CCu - -2 000- 0680 17000 2000- 2 2 a 22-
130309 1300 200- 14 8700 2400 6002 2703 
40ol02 110.00. 1700 30014 8000 1000- 2 4 1803 
094301 9 5 0 0 I j O O - 30 l 7 3 u o 2300- 2 2674 
418101 5000 800- 06 12000 5 00 0- ...2 18 lu 
17710c 5300 1500 20030 6000 1300 3002 * 718 
1 P . i 0 1 6Ova, 1 5 00- On 1 7 0 0 0 3 0 0 0 7 - . u 7 / \ t , 7 7 
214301 1 2 0 0 0 2 0 0 0 - G3 1 2 8 0 0 4 0 0 2 4 0 0 2 1 1 7 3 3 
.11320.1 120.00 . 2 0 0 0 - 4 4 . 180OG . 2ouG. 12.002. . 16 20 
344201 3GG0 3 0 0 - 02 90GG 1 3 0 0 - 2 2 7 9 9 
422206 . .12000 .200.0 30.001... 1.0 0.0.0 2 5 0 0 . . . . 5.002 2611 
1 4 5 1 0 9 1 2 O 0 G 2 0 0 O — 1 4 0 4 l o O O O 6 0 0 0 8 0 0 0 2 1 7 0 6 
4 , 7 1 0 7 6GGO 1 i<>,{)- uA 2 O O P ; . o : i - 2 2H 1 1 
286114 0 0 G o 1 0 0 0 - 04 .5000 2oGG- 2 1794 
153.40.9 I 2 . 0 C G . 20.GG- 04... . . 6 JOG 3 0 G G - . 2 . . . . 2 706 
3143G1 7GGG J . 2 0 G 3G0G2 3 C C 0 2 G G 0 - 2 1730 
.15.5.31.7. . 7G.G.G 12 Gil- 5 0 33G0 .......3000- 2 . .17.08 
115201 4GG0 700- 0806 12000 1300 4002 2691 
4 9 31 0 4 LIU GO 30 00— ill 3 0 0 0 \ 9 0 0 - 2 1 1 3 7 * 
245305 17000 3000- 02 12500 .3500 9002 1 2762 
3i3.84.01 60 CO I1.G.G- 07 i 60 0.0 1200.0........ . 2 1 7 9 9 
477101 2700 5 0 0 100G3 3000 1 9 0 0 21002 *bl4 
12210c 70G0 .. 130L— G1GG 25GO 700- 2 2703 
464210 4o00 770 1.3003 5000 850 >302 2814 
06620? \ 00170 2 ( J O O - Oh 1 flOPo 4 0 0 0 7 O O 0 7 7 3 4 0 
0594G1 5CGG 1 0 0 0 - 30Gb 7Goo 1700 5 3 0 2 2635 
0.60.1.01 33.00...... .636- Go 40uG .1.5.0.0—. 5002 .....2635.. 
216105 5GG0 1 0 0 0 - 02 3000 1300- 2 1757 
.2521.0.4 -12000 25 .00- 07 12000...- oOOO 60.002 .1 .2-770.... 
152330 3500 750 006 3000 750 22502 1 2707 
16 1 3(9 14000 30 u p - ii n n n o 4 o n o 7 ^ 0 0 7 7 7 1 n 
0654304G 5 GGO 2 0 0 0 - 09 oOGG 2 0 0 0 40002 1659 
3691,Go.3 150Gu 3 0 G G - . . . . 0.1. 15300 . . 530G- 2 1 2 J O 8 
382204 12000 26GG- 01 oOGG 1500- 2 2807 
15o2G4 _ 17.0.00..... 40Go- _ . 05..._ 15000 ...5 000 10 J O 2 . . . . 2.708 
.194206 13000 3200 8000246 11000 ioOO 4002 1743 
35520 1 i 2 0 0 0 3 0 0 0 - 0 ? 1 m i O i i 2 1 0 5 7 2 0 0 7 1 8 0 0 
258403 2400 600- 10 5000 700- 2 2761 
0.6.13111 12.300 3GG0-. .....06. 16.000 ... 4000- 2 2637 
100309 16000 4000- 11 12000 4000- 2 2676 
138.305. 14G0G 4010- 14.37.... ..6.0(20 .1000. ..... 30002 i. 1 703 
34330402 21000 6000- 01 9000 2000- 2 2799 
1781 30- l̂ OilO 52 CO- Qjj 4000 900 31002 1 1719 
226101 7500 2200- 4953 4500 600 5002 1758 
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Table B-l. Listing of Bodart Battle Data, Category 33 
(Continued) 
IS0204 10000 5000- 09 3000 2500 15002 2741 
lc6430 2500 600- OlOto 8000 2300- 2 1 1711 
513107 5600 1000- 04 7000 1000- > .. „ t-. £5 53 
079101 12000 4000— 39 6000 2000- 2 1652 
5 13 3 0 4 6 G 0 0 
.6000 
70 00— 07 1 0000 3600- 2 1834 
I * * 2 G 4 2000— 07 2 G O G O 1oooo- ? 1 27*7 
334207 5000 2000- 01 12000 4000- 2 1 2799 
16:320c 6000 25 0 0—. 30 . .. 3000 _1.4ii0___. -16QQ2. 1 1735 5B81o3 450 200 003 5000 7o o 2902 23 99 
384305 6000 3000- 01 14000 . 5 000- _ _ „_ ii... ...1 2807 .. 
076106 4000 2000- 01 16000 8000- 2 1 2647 




This appendix contains the complete FORTRAN IV programs used in 
th is study. 
Computer Program for Regression Analyses 
The FORTRAN program requires one Hol ler i th card for ident i f i ca ­
t ion and one,lead or instruct ion card preceding each group of data to 
be analyzed. An end of f i l e card i s required af ter each group of data 
cards with two end of f i l e cards required after the f i n a l data group. 
The format for the lead card i s as fol lows: 
Column 
1. Code (Model) for 1st run. 
2 . Code (Model) for 2nd run. 
3» Code (Model) for 3rd run. 
4 . Code (Model) for 4th run. 
5 . Code (Model) for 5th run. 
6 . Code (Model) for 6th run. 
7. Code (Model) for 7th run. 
8. Not used. 
9. Not used. 
10 . Not used. 
11 . Printout code for 1st run. 
12 . Printout code for 2nd run. 
13 . Printout code for 3rd run. 
14 . Printout code for 4th run. 
15 . Printout code for 5th run. 
16. Printout code for 6th run. 
17. Printout code for 7th run. 
18. Not used. 
19. Not used. 
20 . Not used. 
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The code used to identify the model selected for computation 
is 
1 = Control Model, 
2 = Attacker-Defender Model, 
3 = Initial Force Model. 
The code used to control the form of printout desired is 
0 = Summary printout only, 
1 = Detailed printout. 
If an end of file card is encountered followed by a Hollerith 
card, a lead card, and more data cards, the program first completes 
the computation for the data group presently in the computer and writes 
the results on output tape as instructed by the lead card. The memory 
locations used as accumulators are then reset to 0.0 and the computer 
is instructed to read a new set of data and proceed with the computa­
tion. The program terminates when two end of file cards are read in 
succession. A flow diagram for the computer program is shown in Figure 
C-l. Tables C-l, C-2, and C-3 are sample printouts for the three 
models studied. 
FORTRAN Program Listing 
P R n G R A M R If n R F S 
REGRESSION ANALYSIS M D • 1 
COMMON/2/ HOLa2).IDvp(l50n),M3(15n0),M(ie?(J0),A(1500).P(le500), lARR(l 50 0 y»V(l5nfJ).IIJ(lSOO)»U(l,5on)»DA<l!i»00)»Y(l5nO)»FSTY(l!5on) 
2eSTuri5oo).KPCT(i5 0G).KACT(ic5nn).issN(in),ispNM.n).znn).w(in) 
3FTY(10).nT(in-),PU(lO).PL(10)*ETU(10>*TaO).AU(10)fAL(lfl) 
S L. I N = 516 
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S iJ M JL = 0 . 0 
S U H 2 = 0 . 0 
SJM3=U • Q 
<5IJM4 = 0.i) 
S U M 5 - [J • 0 
5 1 = 0 . 0 
5 2 = Q . n 
S 3 = 0 . 0 
S 4 = G . i j 
S *5 = 0 . 0 
6 KK = 1 
REA i) ( 3. 90 0 0)^01 
9 0 0 0 F0RMAT(l2A6) 
R E A 0 (5,Q001) ( I S S N( ! ) , 1 = 1 , 7 ) , ( I SPN( I ) , I = 1 , 7 ) 
9001 FORMAT (711.3<,7I1V 
P * I NT 9n 1 Q , ( I S S N ( I ) , T = 1 , 7 ) , ( I S P N ( I ) * 1=1*7) 
9010 F O R M A T (6H I S S N = . 7 I 2 . 1 <1 X , 6 H T S P N = , 7 I ? ) 
1 = 0 
K = 1 
C K ? = 1 . 0 
I3SI=ISSM(KN) 
I S T = I S P N ( K N ) 
C R E A M D A T A T a P E - I S T M 01, j PI. -
A S S I G N 9R TO K F Q F 
15 R E A D < ! 5 > 9 0 0 ? ) I I , T X O . T C Y . T Y O , T O Y . M 1 , ! Y R 
9002 FQRMATU4,4X,PF7.0,l ly,2F7.0,l lX,I l , I3) 
I F (E n F . 5 ) 1 0 0 , 5" 0 a 
500 T=!+l 
C WRITE I N T E R M E D I A T H TAPE-1ST TIME THRO CARDS-
WRITE ( 1 ) I.TXn,TCX,TYn,TCY,Ml,IYR 
GO T O Id 
C RFAD INTERMEDIATE TAPE-S;iRSFQUENT MODELS-
17 R E A D ( 1 ) I ,TXO ,TCX .TYn.TCY,Ml, IYR 
I F ( E O F . 1 ) 1 0 0 , 1 8 
1« GO T O (3 0 . ?0,25 ) , I S S T 
2 0 I F ( M i - 1 ) 3 o , 3 0 , 3 5 
25 IF(TX0-TY0J35,30,30 
3 n X 0 = T X 0 
Y O = T Y O 
C X = T C X 
C Y = T C Y 
M ( I ) = U 
G O T O 4 0 
35 XO=TYO 
Y O = T'XO 
C X = T C Y 
P Y = T C X 
M ( I ) = 1 
4 0 I D Y R( I ) = T Y R 
I 0 ( I ) = I I 
A ( I ) = ( X Q - C X ) / X O 
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P'< I ) = ( Y O - C Y ) / YO 
A R G ( I ) = X D / Y 0 
X ( T & = L O G F ( A R (- ( I ) ) 
S U M 2 = S U M ? + X ( I ) 
3 ! J M 2 - ( 3 ? - T [- M P ) + S U M '> 
Q ;? s J F M P 
9 U M 3 = SUM.3 + X ( I ) * * ? 
T F M P - 3 •? + S U M 3 
S J M 3 = ( S 3 - T F M P ) + S U M 3 
5 3 = V F M P 
T 
I... = I 
4 5 DO 5 5 J = M F L 
U ( J ) = I 1 . N - A ( J ) * * r K 7 ) / M . 0 - B ( J ) * * C K 2 ) 
D A ( J ) = 0 ( ,J ) •* A P G ( J > * * C K ? 
Y ( J ) = L 0 G F ( H A ( J ) ) 
SVJMLR.SUML + X ( J ) * Y ( J ) 
S U M1 = i. 5 1 - T P :1 P ) + S U M 1 
S 1 = T H M P 
S U M 4 - S U M 4 + Y ( J ) 
T F M P = S 4 + S U M 4 
S J M 4 - ( S 4 - T E M P ) + S U M 4 
5 4 = T R : K Y ! P 
3 U M 5 = S 0 M R + Y ( J ) • * ? 
T F M P = S 5 + S U M 3 
S IJ M B = ( S b' - T F M P ) + S U M 5 
S 5 = T F M P 
5 5 C O N T I N U E 
^ 0 TO ( 5 7 , 1 0 0 ) , K 
5 7 GO TO ( 5 F T , 5 9 ) , K K 
5 8 CON T I N U E 
GO TO 1 5 
5 0 RQNTINUFC 
GO TO 1 7 
9FT P N D F I L E 1 
9 9 R F W1; A D 1 
1 OH AN = I 
K = ? 
A K ? = ( 3 1 - ( S ? * S 4 ) / A N ) / F S 7 - ( S ? * * 2 ) / A N ) 
AK.L = 3 4 / A N - ( A K 2 * ( S 2 / A M ^ ) 
K R S U M = 0 
L< A S U H = 0 
NO 4 1 J = 1 , L 
F : S T Y ( J ) = A K L + A K 7 * Y ( J ) 
F S T U ( J ) = P S T Y ( J ) - F K ? * V R J ) 
I F ( M ( J ) . E Q . 0 ) GO TQ 7 ? 
7 0 I F ( F S T U ( J ) . T ^ F . D . O ) RN TO 7 3 
7 1 K R C T ( J ) = N 
GO TO 7 4 
7 ? I F ( F 3 T LJ F J ) . L T . 0 . 0 ) R 0 TO 7 3 
1 7 3 
RO TO 7 1 
7 * K R C T ( J > = 1 
7 4 K R S U M = K R Q J M + K R C T ( J ) 
I F ( M ( J ) . PQ . Q ) NO TO 
I F (I.J ( J ) . G F . 1 . N ; !.?Q TO 8 3 
3 1 K A C T ( J ) = N 
GO TO 8 4 
8 ? I F ( T L ( J ) . L T . I . H ) GO TO 8 3 
G O T O 8 1 
8 3 K A C T ( J ) - 1 
8 4 K A S U M = K A ? U M + !< A C T < J ) 
41 OONTTNUF 
PC R = I O N * K R S M M / L 
P C T A = 1 L* 0 * K A S U I I / L 
4 7 OO 6 0 J = 1 , L 
I F ( L T N T - ^ B ) «5P , 5[) , 4 8 
4 fl P R I N T 9 0 N 3 , H 0 L 
9 0 0 3 F 0 R M A T I L H L L U X , 1 . ? A F T / I H N ^ X . 2 H I N 2 X . 3 H N 0 . 4 X , 4 H X F / X 4 X . 4 H Y F / Y 7 Y F L H A 7 X . ' 
1 5 H K Y / I< X 6 Y * 3 H X / Y 5 X > 7 H L. K Y / K X5 X , «?HL Y / Y 4 X , 8 H F L K Y / K X 4 X , 1HM 4 y , 
2 5 H F S T A B Y , ? H Y P ? X , .? * M1 1 X , 4 H R F , 4H PA ) 
P R I N T 90 ? 0 , I S S I , I S I 
G R, V N R O R M i I (1 7 H C 0 PE OF MONPL I S , T 2 . 1 7 H P R I N TOUT CODE I S , 1 ? ) 
I I M E = U 
5" 1 I F ( 1 S I ) 5 3 , 6 0 , 5 3 
•5 3 P R I N T 9 P N 4 , I 0 ( J • . J . A ( I ) , R ( J ) . U F J ) , P A ( J ) , A R G ( J ) , Y ( J ) , X < J ) . 
1 F S T Y ( J ) , M ( J ) , US RIJ ( J ) , T NYR ( J ) , M3 ( J ) , KRCT ( J ) , KACT ( J ) 
L I MFC-!. I + 1 
9 0 N 4 FORMAT C 5 X , I 4 , L 5 , 2 F 8 . - » , 3 F I N . 3 , ^ F L L . 5 , 4 X , T I . , F 3 0 . 5 , 2 X , 4 M ) 
6 H r.n >M T I N11F 
1 0 "< SYX = G U P T F ( ( S [ 3 « ^ 4 * * ( ? / A N L ^ ( S L - S ? * S 4 / A N ) , * * 2 / ( S 3 - S 2 * * ? / A N ) ) / ( A N ! - 2 . ) ) 
P R I N T 9 F j N 5<, A K , A K 2 , 3 P . 5 4 , S 1 , S 3 , S 5 , S Y X , O K ? , P C T , P C T A , I 
9 0 !.) 5 FORMAT V / / 4 > 1. 6 H ̂  * ( I N T E R C E P T ) = F P . 3 » 5 X1. 2 ^ K ? ( S L O P E ) = F 8 . 3 / 4 X ̂  H 
1.SX = F L L . 5 . 4X3H : :Y = F H . * . 4 X 4 H S X Y = F 1 1 . 5 / 4 X 4 H S X ? = F I N . C 5 , 4 X 4 H S Y ? = F L P . 5 , 
? 4 X 5 H S 0 V X r F 8 . ^ . 1. (i V , 5 H - ' K 2 = * F 6 . 2 F 1 0 X , 5 H P C T = , F 6 . 1. , 6 X , 6 H P C T A = , F 6 . 1 » 
5 4 X * 3 H N = . I 4 ) 
T A L F = 0 . 6 7 4 
G O T O ( 1 4 2 , 1 4 7 , 1 4 3 ) , T C Q. J 
1 4 2 7 ( 1 ) = - 9 . * 
PQ 1 4 5 .! = ? , ! R 
7 ( J ) R / T J - 1 W R . C 
NO TN ' . 4 / 1 
1 4 3 7 ( 1 ) - - 0 . 2 5 
DO' 1 5 J J = 2 , 111 
J = J J 
7 ( J > » 7. ' J - 1 > + N . ? 5 
1 4 4 N ( J ) = F X P F ( 7 I J ) ) 
F T Y ( J ) = AK1 + A K 2 * 1 ( J > 
C T ( J ) = S 0 R T F T 1 * L / A \ i + ( 7 ( J ) - S ? / A M ) * * P / ( S 3 - C : 7 * * ? / A N ) ) 
P u ( J ) = F T Y ( J I + 7 A L. F * 5 Y Y * G T ( J ) 
P L < J > = F T Y ( J ) - T . 4 L F * S Y Y , R T < J ) 
F T U ( J ) = F T Y ( J ) - N K ? •* 7 ( J > 
T ( J ) = F C T U ( J ) / ( S Y X . * C T ( J > ) 
A U ( J ) = P U ( J ) - F K ? * 7 ( J ) 
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AL ( J ) =PL ( J )-(>.?*/( J ) I r ( J - ? ) 14 f 14 7 146 PR I fvi t Q [j n 8 9 0 OP F 0 R M A T ( / / 2 V i 3 i-! v / Y 5 X , u | X/Y1X, PHFL K Y / K v 4 v , ? H U L 6 X » 1 2 H L L 6 X » 1H T 7 X . 1H A 7 X .. 2 H a U 6 X * ? H A L 5 14 7 PRINT 9 o n o , ui r j ) , 7 ( j ) , c T Y ( J ) . P U ( J ) > P L ( J ) ,C T ( J ) , T ( J ) , E T U ( J ) , 1 A U ( J ) . A L ( J ) 9 0 0 O FOP M A T ( F 7 . 3 , o F p. . 4 ) 3 4 5 CO MTIN11E I F.i CK2 + 1 . 0 1 ic^lv ;,inS 
1 (i 5 r k 2 = r k 2 - n. 2 h 
IF ( A b S ( r K 2 ) - . n •] 1 ) 9 n r , 9 n 5 * 1 n 6 g 0 c. f k 2 = 0 . n 1 
f; n T 0 1 0 P 
1 0 6 IF 1 A P S ( c K ? + 0 . 2 > - ;» . n 91. ). 1 0 7 , l fl 7 , 1 0 8 
10 7 pk7 =.0.2̂  .10 p m = 5 
1=1 
S U M 1 0 . n 
SUM5 - (; . 0 Sl = C.i> 4̂ = 0.0 c 5 = 0 . U 0 0 TO 4 5 1 F ( J S S N ( K N ) ) 1 9 f , 1 9 A , 1 9 7 iQf S T H P 19 7 I S S I = i t> S N ( K N ) T S I = I S P N ( K N ) P F- W I M L; 1 K = 1 KK-2 
r k ? -1 .0 
I. I N E = u" 6 ASS 1PN lOQ TO KEnF SUMlr0 . 0 SUM?- i! . Q S U M 3 ~ l'i . G S U M 4 = 0 . 0 SUM8- ti . 0 
c i = n. 0 S 2 = 0 . 0 
53=0.0 S 4 = 0 . 0 S 5 = 0 . 0 GO Tn 17 FNin 
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• • • SUM' s = 0 
Initialize „, S's = 0 
0 
0 
Assign 200 to KEOF 
Read Hollerith & Lead Card 
Write Lead Card 
Assign 98 to KEOF 
Put I = 0, K = 1, KN = 1 
CK2 = Maximum Desired Value 
Initialize Sums 
Set ISSI & ISS from KN 
Read Data Tape (Card) 
1 = 1 + 1 
Write Int. Tape 
Read Int. Tape 
Choose and Set Up Model 
Do Preliminary Calculations 
Do Main Part of Calculations 
Yes Is K = 1' No 
KK=2 
KK=1 
What is being read? 
KK = 1 (Cards) 
KK = 2 (Int. Tape) 
End File 1 
Rewind 1 
No Does CK2 = Min? 




KN = KN + 1 
Reduce CK2 
Reinitialize as Required 






Set ISSI from KN 
Set ISS from KN 
K = 1 
KK = 2 
Rewind 
Assirrn 100 tn KFOF 
Figure C-l. Flow Diagram for Computer Program 
Table C - l . Sample Computer Output for Control Model 
ID XF/X YF/Y A KY/KX X/Y L KY/KX L X/Y El KY/KX EST A YR Ml 
4 9 2 0 . 9 9 2 0 . 8 1 2 0 . 0 4 9 0 . 1 0 9 1 . 4 8 4 - 0 . 9 6 3 6 3 0 . 1 7 1 5 4 0 . 9 9 2 6 0 0 . 6 7 1 1 9 6 2 0 1 
5 0 3 0 e 7 5 0 0 . 7 5 0 1 . 0 0 0 1 . 0 0 0 1 . 0 0 0 0 , 0 0 0 0 0 0 . 0 0 0 0 0 0 . 5 4 3 2 5 0 . 7 3 7 0 6 6 2 1 1 
5 1 1 0 . 9 2 3 0 . 6 1 9 0 . 2 4 0 0 o 3 6 8 1 . 2 3 8 - 0 . 4 3 4 5 7 0 . 0 9 2 7 5 0 . 7 5 2 5 6 0 . 7 0 0 6 8 6 2 2 1 
5 1 2 
• 
• 
0 . 8 4 6 
• 
• 
0 . 8 8 2 
• 
• 
1 . 2 8 3 
• 
• 
0 . 7 5 0 
• 
• 
0 c 7 5 0 
• 
• 
- 0 . 1 2 4 9 4 
• 
• 
- 0 . 1 1 6 5 1 
• 
• 
0 . 3 6 0 7 6 
• 
• 
0 . 7 8 5 4 4 
• 
• 








5 9 5 1 0 
• 
• 
. 9 3 7 0 
• 
• 
. 9 1 7 0 o 
• 
• 
7 5 8 0 
• 
• 
. 5 2 6 0 . 
• 
• 
8 3 3 - 0 
• 
• 
. 2 7 8 6 1 - 0 
• 
• 
. 0 7 9 1 8 0 
• 
• 
. 4 1 1 3 1 0 
• 
• 
. 7 6 9 6 0 
• 
• 




5 9 7 2 0 . 8 7 0 0 . 8 9 0 1 . 1 6 6 0 , 9 4 5 0 . 9 0 0 - 0 . 0 2 4 7 4 - 0 . 0 4 5 7 6 0 . 4 6 2 5 7 0 . 7 5 5 6 9 9 0 4 1 
5 9 8 1 0 . 8 8 3 0 . 7 8 1 0 . 5 6 6 0 , 2 7 0 0 . 6 9 0 - 0 , 5 6 9 0 2 - 0 . 1 6 0 8 5 0 . 3 0 8 7 0 0 . 8 0 4 6 8 9 0 4 1 
5 9 8 2 0 . 4 6 4 0 . 3 1 2 0 . 8 6 9 1 0 . 6 4 9 3 . 5 0 0 1 . 0 2 7 3 2 0 . 5 4 4 0 7 3 . 6 7 4 9 2 0 . 5 4 7 7 2 9 0 4 1 
5 9 9 1 0 . 7 6 5 0 . 7 7 6 1 . 0 4 2 0 . 4 9 6 0 . 6 9 0 - 0 . 3 0 4 8 5 - 0 . 1 6 1 3 7 0 . 3 0 8 1 4 0 . 8 0 4 9 0 9 0 5 1 
5 9 9 2 0 . 8 6 9 0 . 7 7 1 0 = 6 0 2 0 . 6 1 7 1 . 0 1 3 - 0 . 2 0 9 4 1 0 . 0 0 5 5 7 0 . 5 5 3 9 8 0 . 7 3 4 8 2 9 0 5 1 
Kl (INTERCEPT) = - 0 . 2 6 5 PCTA = 7 8 . 3 SX2 = 4 0 . 3 5 2 5 8 
K2 (SLOPE) = 1.526 SX = 17.64350 SY2 = 51.59172 
CK2 = 2.00 SY = 08.66592 SDYX = 0.63595 
PCT = 97 .5 SXY = 82.97916 
Table C-2. Sample Computer Output for I n i t i a l Force Model 
ID XF/X YF/Y A KY/KX X/Y L KY/KX L X/Y El KY/KX M EST A YR Ml 
551 0 .861 0 .765 0 . 623 0 . 698 1.059 -0 =15620 0 .02482 0 . 96589 0 0 .92820 631 2 
552 0 .970 0 .889 0 . 284 0 . 425 1.222 -0 .37178 0 .08715 1. 18201 0 0 .88953 632 2 




0 . 800 
• 
• 









































.838 0 . 
• 
• 




























4723 0 .929 0 .875 0 . 588 1. 800 1.750 0 . 25527 0 .24304 1. 95864 0 0 .79972 814 1 
4983 0 .864 0 .789 0 . 672 2 . 985 2 .108 0 . 47492 0 .32389 2 . 54517 0 0.75677 831 2 
5231 0 .901 0 .882 0 . 846 2 . 134 1.588 0 . 32916 0 .20091 1. 70878 0 0 .82305 862 1 
5302 0 .958 0 .960 1. 056 28. 566 5.200 1. 45585 0 .71600 9. 06602 0 0 .57904 863 1 
5602 0 .970 0 .967 0 . 902 1. 113 1 .111 0 . 04649 0 .04576 1. 03367 0 0 .91502 870 1 
Kl (INTERCEPT) = - 0 . 0 5 0 PCTA = 78.9 SX2 = 39.44024 
K2 (SLOPE) = 1 . 4 0 7 SX = 291.69314 SY2 = 45.61506 
CK2 = 2 . 0 0 SY = 356.36224 SDYX = 0.55143 
PCT = 66 .0 SXY = 181.53958 
Table C-3. Sample Computer Output for Attacker-Defender Model 
ID XF/X YF/Y A KY/KX X/Y L KY/KX L X/Y EL KY/KX M EST A YR Ml 
4 9 2 0 . 9 9 2 0 . 8 1 2 0 . 0 4 9 0 . 1 0 9 1 . 4 8 4 - 0 . 9 6 3 6 3 0 . 1 7 1 5 4 0 . 2 1 6 1 8 0 0 . 7 4 6 6 1 6 2 0 1 
5 0 3 0 . 7 5 0 0 . 7 5 0 1 . 0 0 0 1 o O O O 1 . 0 0 0 0 . 0 0 0 0 0 0 . 0 0 0 0 0 - 0 . 0 0 7 0 0 0 0 . 9 8 4 0 1 6 2 1 1 
5 1 1 0 , 9 2 3 0 . 6 1 9 0 , 2 4 0 0 . 3 6 8 1 . 2 3 8 - 0 . 4 3 4 5 7 0 . 0 9 2 7 5 0 . 1 1 3 6 7 0 0 . 8 4 7 5 5 6 2 2 1 
5 1 2 
• 
• 
0 . 8 8 2 
• 
• 
0 . 8 4 6 
• 
• 
0 . 7 8 0 
• 
• 
1 , 3 3 3 
• 
• 
1 . 3 0 8 
• 
• 
0 . 1 2 4 9 4 
• 
• 
0 . 1 1 6 5 1 
• 
• 






0 . 8 1 5 7 6 
• 
• 








5 9 5 1 0 
• 
• 
, 9 3 7 0 
• 
• 
. 9 1 7 0 
• 
• 
. 7 5 8 0 
• 
• 
. 5 2 6 0 . 
• 
• 
8 3 3 
• 
• 
- 0 . 2 7 8 6 1 - 0 
• 
• 
. 0 7 9 1 8 - 0 
• 
• 






. 1 1 7 7 6 
• 
• 




5 9 7 2 0 . 8 7 0 0 . 8 9 0 1 . 1 6 6 0 . 9 4 5 0 . 9 0 0 - 0 . 0 2 4 7 4 - 0 . 0 4 5 7 6 - 0 . 0 6 6 5 3 0 1 . 0 5 9 2 2 9 0 4 1 
5 9 8 1 0 . 8 8 3 0 . 7 8 1 0 . 5 6 6 0 . 2 7 0 0 . 6 9 0 - 0 . 5 6 9 0 2 - 0 , 1 6 0 8 5 - 0 . 2 1 6 2 7 0 1 . 2 7 4 7 8 9 0 4 1 
5 9 8 2 0 . 4 6 4 0 . 3 1 2 0 . 8 6 9 1 0 . 6 4 9 3. 5 0 0 1 . 0 2 7 3 2 0 . 5 4 4 0 7 0 . 7 0 0 8 3 0 0 . 4 0 9 9 2 9 0 4 1 
5 9 9 1 0 . 7 6 5 0 . 7 7 6 1 . 0 4 2 0 . 4 9 6 0 . 6 9 0 - 0 . 3 0 4 8 5 - 0 . 1 6 1 3 7 - 0 . 2 1 6 9 4 0 1 . 2 7 5 8 4 9 0 5 1 
5 9 9 2 0 . 8 6 9 0 . 7 1 1 0 . 6 0 2 0 . 6 1 7 1 . 0 1 3 - 0 . 2 0 9 4 1 0 . 0 0 5 5 7 0 . 0 0 0 2 4 0 0 . 9 7 5 2 3 9 0 5 1 
Kl (INTERCEPT) = - 0 . 0 0 7 PCTA = 7 9 . 1 SX2 = 139.90105 
K2 (SLOPE) = 1.301 SX = 43.42448 SY2 = 448.00352 
CK2 = 2 .00 SY = 49.21796 SDYX - 0.64092 
PCT = 64 .9 SXY = 181.75415 
179 
Computer Program for Sens i t iv i ty Analysis 
This FORTRAN program was developed to study the e f fec t s of vary­
ing the effect iveness coef f ic ients in Lanchester's square law and 
Lanchester's l inear law. The solution to both the square and l inear 
laws are programmed to give printout of the remaining strength of both 
sides in steps of t = 0 . 1 . K and K^^ are varied in f ive equal s teps . 
The s i ze of these steps along with the i n i t i a l values of K and K are 
required as input data,, A format for the input data follows the FORTRAN 
l i s t i n g . 
FORTRAN List ing 
1 FORMAT(E10.3 ,E10.3 ,F10.0 ,F10.0 ,E10.3 ,E10.3 ,110) 
2 FORMAT(///12X3HX10,7X3HX20,7X3HK12,9X3HK21,10X3HCAT) 
3 FORMAT ( / 6 X F 1 0 . 0 , F 1 0 . 0 , E 1 2 . 3 , E 1 2 . 3 , 1 1 0 ) 
4 FORMAT (/11X1HT,7X3HX1L,7X3HX2L,7X3HX1S,7X3HX2S/) 
5 FORMAT ( 8 X F 5 . 1 , 1 1 0 , 1 1 0 , 1 1 0 , 1 1 0 ) 
DIMENSION YK12(5) ,YK21(5) ,T(30) 
N=l 
8 READ 1,YK12,YK21',X10,X20,A,B,C 
YK12(1)=YK12 
YK21(1)=YK21 
T ( 1 ) = 0 . 0 
DO 30 K=l ,5 
DO 20 J = l , 5 






W=SQRT( ( YK12 (K)*X20 ) / ( YK2.1 ( J)*X10 ) ) 
R=EXP(U*T(1)) 
S=1.0/R 
IX1S=X10*(R+S)/2 .0-X20*V*(R-S) /2 .0 
IX2 S=X20 * (R+ S ) / 2 .0 -X10 *W* ( R-S) / 2 .0 
I F ( I - l ) 6 , 6 , 7 
6 PUNCH 2 
PUNCH 3,X10,X20,YK12(K),YK21(J) ,C 
PUNCH 4 
7 PUNCH 5 ,T( I ) , IX1L, IX2L, IX1S , IX2S 
T ( I + 1 ) = T ( 1 ) + 0 . 1 
1 8 0 
1 0 C O N T I N U E 
Y K 2 1 ( J + 1 ) = Y K 2 1 ( J ) + B 
2 0 C O N T I N U E 
Y K 1 2 ( K + 1 ) = Y K 1 2 ( K ) + A 
3 0 C O N T I N U E 
N = N + 1 
I F ( N - 5 ) 8 , 4 0 , 4 0 
4 0 S T O P 
E N D 
I n p u t F o r m a t 
A s e p a r a t e d a t a c a r d m u s t b e p r e p a r e d f o r e a c h b a t t l e t o b e c o n ­
s i d e r e d . F r o m o n e t o f o u r d a t a c a r d s c a n b e s t a c k e d a t t h e e n d o f t h e 
d e c k . E a c h d a t a c a r d m u s t b e p r e p a r e d a c c o r d i n g t o t h e f o l l o w i n g f o r m a t : 
1 . C o l u m n s 1 - 1 0 . E f f e c t i v e n e s s c o e f f i c i e n t o f t h e s u p e r i o r f o r c e 
e x p r e s s e d i n E c o n v e r s i o n f o r m a t r i g h t j u s t i f i e d o n C o l u m n 1 0 . 
2 . C o l u m n s 1 1 - 2 0 . E f f e c t i v e n e s s c o e f f i c i e n t o f t h e i n f e r i o r 
f o r c e e x p r e s s e d i n E c o n v e r s i o n f o r m a t r i g h t j u s t i f i e d o n C o l u m n 2 0 . 
3 . C o l u m n s 2 1 - 3 0 . I n i t i a l s t r e n g t h o f t h e s u p e r i o r f o r c e r i g h t 
j u s t i f i e d o n C o l u m n 3 0 . 
4 . C o l u n n s 3 1 - 4 0 . I n i t i a l s t r e n g t h o f t h e i n f e r i o r f o r c e r i g h t 
j u s t i f i e d o n C o l u m n 4 0 . 
5 . C o l u m n s 4 1 - 5 0 . I n c r e m e n t a l s t e p s i z e o f t h e s u p e r i o r f o r c e 
e f f e c t i v e n e s s c o e f f i c i e n t r i g h t j u s t i f i e d o n C o l u m n 5 0 . 
6 . C o l u m n s 5 1 - 6 0 . I n c r e m e n t a l s t e p s i z e o f t h e i n f e r i o r f o r c e 
e f f e c t i v e n e s s c o e f f i c i e n t r i g h t j u s t i f i e d o n C o l u m n 7 0 . 
7 . C o l u m n s 6 1 - 7 0 . B a t t l e i d e n t i f i c a t i o n n u m b e r ( m u s t b e a n 
i n t e g e r ) r i g h t j u s t i f i e d o n C o l u m n 7 0 . 
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Thomas, and Robert, and an older s i s t e r , Mary» He l ived within 50 
miles of Fort Wayne, Indiana during his youth and graduated from 
Central High School in Fort Wayne with the Class of 1939, 
He took the col lege preparatory course in high school and had 
planned to enter Stanford University in September, 1939; however, his 
father died unexpectedly and he took a pos i t ion with the General Electric 
Company, where he was employed until entering the ArmyQ 
He en l i s ted in the Army Reserve in May, 1 9 * 4 2 , and went on active 
duty with the Army Air Corps in October, 1 9 4 2 c He became an airborne 
radio operator on the medium bombardment a i r c r a f t , B - 2 6 , the Martin 
Marauder, and flew 65 combat missions in the Mediterranean Theatre of 
Operations with the 319th Bombardment Group <= After his return to the 
United Sta tes , he was assigned to Shaw F ie ld , Sumter, S. C , as NCO in 
charge of Technical Training and taught radio operation and procedure 
to p i l o t s and members of the First Air Force, F irs t Fighter Command. 
In September of 1 9 4 5 , he was honorably discharged„ He returned to 
Fort Wayne, Indiana and resumed his work with the General E lec tr i c 
Companyc 
In November of 1.945, he married the former Miss Fern Thomas of 
Portland, Indiana. In the winter quarter of 1945 , he enrolled as a 
fu l l - t ime engineering student at Indiana Technical College and studied 
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e l e c t r i c a l engineering = At the beginning of the 194-7 f a l l quarter, he 
transferred to Bal l State Universi ty , Muncie, Indiana as a physics-
mathematics major and received h i s B.S. degree in December of 1948„ 
He accepted a c i v i l service posi t ion as a Radio Engineer at 
Wright-Patterson Air Force Base in January of 1949 and has been con­
tinuously employed by the Federal C i v i l Service in a profess ional 
capacity since that timeo During his C i v i l Service career, he has 
taken graduate work in mathematics and theoret ica l physics at the Ohio 
State Universi ty , University of Florida, and the Florida State Uni­
vers i ty . In Decmeber of 1953 he accepted a position with the Technical 
Analysis Office of the Air Force Armament Center at Eglin Air Force 
Base, Florida and has been in weapons t e s t design and analysis work 
since that timeo 
In February, 1 9 6 1 , he was chosen as one of f ive c i v i l service 
employees at Eglin Air Force Base to receive a f u l l calendar year's 
training at the >doctorate l e v e l in a university and in the f i e l d of 
his choice. 
He was accepted by the School of Industrial Engineering, Georgia 
Ins t i tute of Technology and commenced work toward the doctorate degree 
in September of 1 9 6 1 . He f u l f i l l e d the requirements and was admitted 
to candidacy for the degree, Doctor of Philosophy, in the School of 
Industr ia l Engineering, on June 2 6 , 1 9 6 3 . 
Upon f inishing the academic requirements for th i s degree at the 
Georgia Ins t i tu te of Technology, he returned to Eglin AFB to accept the 
posi t ion of Technical Director , Directorate of Technical Analys i s , 
Deputy for Effect iveness Test , Air Proving Ground Center, Eglin Air 
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Force Base, Florida, In January, 1966, Mr. Schmieman accepted the 
position of Chief, Operations Analysis Office, National Range Division 
at Patrick Air Force Base, Florida, and he is currently serving in 
this capacity. 
